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wherein 

A is -CH = CH-B; -C-C-B; -(CH2)p-X-B, wherein p is 0-2 and X is a bond. -NH- or-S(0)o-2; optionally 
substituted heteroaryl or benzofused heteroaryl; -C(0)-B; or 



■(CH2)rN R,3 



wherein k is 1 -2; 

D is B'-(CH2UC{0)-, wherein m is 1-5: B'-(CH2)<,-. wherein q Is 2-6; B'-(CH2)e-Z-(CH2),-, wherein 2 is -0-. 
-C(0)-. phenylene. -NR.- or -S(0)o-2-. e is 0-5 and r is 1-5. provided that the sum of e and r is 1-6; B'- 
(alkenylene)-; B'-(alkadienylene)-: B'-(CH2),-Z-{alkenytene). wherein t is 0-3, provided that the sum of t and the 
number of carbon atoms in the alkenylene chain is 2-6; B'-(CH2)f-V-(CH2}g-. wherein V is cycloalkylene. f is 1-5 
and g Is 0-5. provided that the sum of f and g Is i-€; B'-(CH2K-V-(alkenylene) or B'-(alkenylene)-V-(CH2),-. 
provided that the sum of t and the number of carbon atoms in the alkenylene chain is 2-6: B*-(CH2)a-Z-(CH2)b-V- 
(CH2)d-. wherein a. b and d are 0-6. provided that the sum of a. b and d is 0-6; T(CH2),-. wherein T is cycloalkyi 
and s is 1-6; naphthylmethyl or optionally substituted heteroarylmethyl; 

B is optionally substituted phenyl; 

B' is naphthyl, optionally substituted heteroaryl or optionally substituted phenyl; 
R is hydrogen, fluoro. alkyi, alkenyl, alkynyl. or B-(CH2)h-.wherein h is 0-3; 

R4 is optionally substituted phenyl, indanyl. benzofuranyl. tetrahydronaphthyl. pyridyl. pyrazinyl. pyrimidinyl 

or quinolyl; 

are disclosed, as well as their use as hypocholesterolemic agents: the . method of using compounds of the 
formula 11 




wherein 

Rzo is optionally substituted phenyl, optionally substituted naphthyl. optionally substituted heteroaryl. or 
optionally substituted benzofused heteroaryl. 

R21 . R22 and R23 are independently selected from H or R2o; 

E. F and G are independently a bond: cycloalkylene; alkylene; alkenylene; alkynylene; a substituted 
alkylene. alkenylene or alkynylene chain ; an interupted alkylene. alkenylene or alkynylene chain ; or an 
intermpted alkylene. alkenylene or alkynylene chain substituted by one or more substituents; or one of R2i-E 
and R22-F is selected from the group consisting of hatogeno. OH. alkoxy. -0C(0)R5. -NR,oRi 1 . -SH or -S(alkyl); 

Rs is alkyl. phenyl, Ri 4 -phenyl, benzyl or Ri 4 -benzyl; 

R10 and Rn are independently selected from H and lower alkyl. or a pharmaceutically acceptable salt 
thereof, in a pharmaceutically aceptable carrier as hypocholesterolemic agents is also disclosed. 
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BACKGROUND OF THE INVENTION 



The prosent invention relates to substituted ^-lactams useful as hypocholesterolemic agents m the 
!ieatrTient and prevention ot atherosclerosis and to processses for prepaiing /5-lactams 

Attierubclefotic curonary heart disease represents the maior cause for oeatfi and cardiovascular 
morbidity in the western world Risk factors for atherosclerotic coronary heart disease include hypertension, 
diabfitos nr^etlitus, family history, male sex. cigarette snrioking and serum cholesterol A total cholesterol 
level in excess of 225-250 mg/dl is associated with significant elevation of nsk. 

Cholpsteryl esters are a major component of atherosclerotic lesions and thft major storage form of 
cholesterol m arterial wall cells. Formation of cholesteryl esters is also a key step m the intestinal absorption 
of dietary cholesterol. T>ie intracellular esterification of cholesterol is catalyzed by the enzyme acyl 
CoA cholesterol acyl transferase <ACAT, EC 2.3. 1 .26). Thus, inhibition of ACAT is likely to inhibit the 
progression of atherosclerotic lesion formation, decrease the accumulation of cholesteryl esters m the 
aaenai wall, and block the intestinal absorption of dietary cholesterol. 

A few ^-lactam compounds have been reported as being useful m lowering cholesterol and'or m 
inhibiting the formation ol cholesterol-containing lesions m mammalian artenal walls. U.S. 4,963.597 
discloses N-sulfonyl-2-azetidinones as anticholesterolomic agents and Ram, et al., m Indian J Chem.. Sect. 
B.29B , 12 (1990), p. 1134-7. disclose ethyl 4-(2-oxoazetidin-4-yl)phenoxy-alkanoates as hypoli pi dermic 
agents European Patent Publication 264^31 discloses 1-substituted-4-phenyl-3-{2-oxoalkylidene)-2- 
azetidinones as blood platelet aggregation inhibitors 

SUMMARY OF THE INVENTION 

Novel hypochoiesterolemic compounds of the present invention are represented by the formula I 

R 



A 



wherein 

A is -CH = CH-B: 
-C-C-B, 

-(CH: )p-X-B, whorein p is 0.1 or 2 and X is a bond. -NH-or -S(0)c-2-; 
heteroaryl benzotused heteroaryl. W-substituted heteroaryl or W-substituted benzofused heteroaryl. wherein 
heteroaryl is selected from the group consisting of pyrroiyi, pyridinyl, pyrimidinyl, pyrazinyl, tnazinyl, 
HTiidazoly!, tliia^olyl, pyrazolyl. thienyl, oxazoly! a/>d furanyl, arid for nitrogen-conlaining heleroaryls, the N- 
oxides thereof, and wherein W is 1-3 substttuents on the ring carbon atoms selected from the group 
consisting of lower alkyi, hydroxy lower alkyi, lower alkoxy, aJkoxyalkyl. alkoxyalkoxy, alkoxycarbonylalkoxy, 
(lower alkoxyHmino)lower alkyi. k)wer alkanedioyl. lower alkyi lower alkar>edioyl, allyloxy, -CFg, -OCF3. 
benzyl. Ri*-benzyl. benzytoxy. Ri ♦-benzykDxy. phenoxy. Rw-phenoxy, dioxolanyl, NO2, -NR-oR-i. 
NRioRi'(kiwer alkyf)-. NR10R1 1 (lower alkoxy)-, OH. halogeno. -NHC{0)ORs. -NHC(0)Rs. FUO2SNH-, 
(R6 0?S)2N-. -S<0)2NH2. -S(0)o-2Rio. tert-butyldimethylsilyloxymethyl. -C(0)Ri2 and 



- CH2- N 



and wherein the substituents on the substituted heteroaryl ring nitrogen atoms, when present, are selected 
from the group consisting of lower alkyi, tower alkoxy. -C(0)0R-i. -C(0)R5. OH. NR,oRi 1 (lower alkyi)-. 
NRioRi (lower alkoxy)-, -S(0)2NH2 and 2-<trimethylsilyl)ethoxymethyl; 
-C(0)-B; or 



3 
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wherein k is 1 or 2: 

D is B'-(CH2)„,C(0)-. wherein m is 1. 2. 3. 4 or 5: 

B'-{CH2)q-, wherein q is 2. 3. 4, 5 or 6; 
8'-(CH3),-Z-(CH2)r-. wherein Z is -0-. -C(0^, phenylene. -NRt- or -S(0)to-2-. e is 0. 1. 2. 3. 4 or 5 and r 
'0 is 1 . 2, 3. 4 or 5. provided that the sum of e and r is 1 . 2. 3. 4, 5 or 6; 
B'-(C2-C6 alkenylene)-; B'-(C4-C€ alkadienylene)-; 

B'-(CH2),-Z-(C2-Ci alkenylene)-. wherein Z Is as defined aixjve. and wherein t is 0. I. 2 or 3, provided 
that the sum of t and the number of cartjon atoms in the alkenylene chain is 2, 3, 4, 5 or 6; 

B'-(CH2)i-V-{CH2)g-. wherein V is C3-C6 cycloalkylene, f is 1. 2. 3. 4 or 5 and g is 0, 1. 2. 3, 4 or 5. 
/5 provided that the sum of f and g Is 1 , 2. 3, 4. 5 or 6: 

B'-(CH2)t-V-{C2-C6 alkenylene)- or B*-{C2-Cc alkenylene)- V-<CH2 K-. wherein V and t are as defined 
above, provided that the sum of t and the number of carbon atoms in the alkenylene chain is 2. 3, 4, 5 or 6; 

B'-(CH2)o-Z-(CH2)b-V-(CH2)d-. wherein Z and V are as defined above and a .b and d are independently 
0. 1 . 2. 3, 4, 5 or 6, provided that the sum of a. b and d is 0. 1. 2. 3. 4, 5 or 6: 
20 T-(CH2),-, wherein T is cycloaJkyi of 3-6 carbon atoms and s is 1. 2, 3, 4. 5 or 6; or 

naphthylmethyl. heteroaryl methyl, or W-substituted heteroarylmethyl. wherein heteroaryl and W are as 
defined above; 
Bis 



30 




B' is naphthyl. heteroaryl or W-substituted heteroaryl. wherein heteroaryl is as defined above, or 



40 




R Is hydrogen, fluoro, Ci-Cis alkyl. Ct-Cis alkenyl. C1-C15 alkynyl. or B-(CHa)h -, wherein h is 0, 1. 2. 

or 3: 

Ri . R2 and R3 are independently selected from the group consisting of H. lower alkyi, hydroxy lower 
45 alkyl. lower alkoxy. alkoxyalkyl. alkoxyalkoxy. alkoxycarbonylalkoxy, (lower alkoxyimtno)-k>wer alkyl. lower 
alkanedioyl. k)wer alkyl tower alkanedioyl. allyloxy, -CFs. -OCFa. benzyl, Ri ♦-benzyl, benzytoxy. R^- 
benzytoxy, phenoxy. Ri^-phenoxy. dioxolanyl, NQ2. -NRioRn, NR,oRn(lower alkyl)-. NR,oRii(lower al- 
koxyK OH. o-hak»geno. m-halogeno. -NHC^OORs. -NHC(0)R5. RsOaSNH-. {Rfi02S>2N-. -S(0)2NH2. -8(0)- 
0 -2 R 1 0 . tert-buty WImethylsllyloxymethy I. -C<0)Rt 2 , 



•CH2-N Ri3 



55 



and 
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or R, IS hydrogen and R? and R3. together with adjacent carbon atoms to whtch they are attached, form a 
dioxolanyl ring; 

R, R? and Ra are independently selected from the group consisting of H. lower alkyl. hydroxy lower 
^ilkyl. lower alkovy. alkoxyalkyl. alkoxyalkoxy. alkoxycarbonyialkoxy . (lower alkoyyimmo)-lowfir alkyl lower 
alkanedioyl. lower alkyl alkanedioyl. allyloxy. -Cfj, -OCF3. benzyl. R, ♦-benzyl, benzyloxy, R^-benzyloxy 
phenoxy, Rw-phenoxy. dioxolanyl. NO2. -NR^oRn. NR, qR, , (lower alkyl)-. NR^oR' ^ (lower alkoxy)- OH 
halogeno. -NMC(0)OR,. -NHC(0)Rs. R^CbSNH-. {R^O^SbN-. -S(0)pNH,, -S{0)o-?Rio. ten-butyld-methyl- 
silyloxymethyl. -C(0)Ri2. 

-CH2-N -C-N ^R,3 

^ — ^ and \ — / 

or R, IS hydrogen and Rj and R3 . together with adjacent carbon atoms to which they are attached, torm a 
dioxolanyl ring; 
R4 is 




wherein n is 0. T, 2 or 3. indanyl. benzofuranyl. benzodioxolyJ. tetrahydronaphthyl. pyridyl. pyrazinyl. 

pynmidinyl or quinolyl, 

Rs IS lower alkyl, phenyl, Ri* -phenyl, benzyl or Ri 4 -benzyl; 

R^ IS OH, lower alkyl. phenyl, benzyl, Ri4-phenyl or Ri ♦-benzyl; 

R; IS lower alkyl, lower alkoxy, OH. halogono. -NR,oR, 1, -NHC(0)ORs. -NHC(0)Rs. NO2, -CN. -N3. -SH 
-S(0)c-?-(lower alkyl). -COOR,. -CONR,oRm. -COR^. phenoxy. benzyloxy. -OCF3. or tert-butyldimethyl- 
silyloxy, arid where n is 2 or 3, ttie R? groups can be the same or different; 

Hi ts H. lower alkyl. phenyl lower alkyl. or -C(0)R^; 

R9 IS H, lower alkyl, phenyl or phenyl lower alkyl; 

R,o and R, , are independently selected from H and lower alkyl; 

R12 is H. OH, alkoxy. phenoxy. benzyloxy. 




-NRioRi 1 . kjwer aJkyI, phenyl or Ri ♦-phenyl; 

Ri 3 is -0-, -CH?-. -NH- or -N(lower alkyl)-; and 

Ri* IS 1-3 groups independently selected from the group consisting of lower alkyl lower alkoxy 

-COOH. NO2. -NRioRi 1 . OH or halogeno; 

or a pharmaceutically acceptable salt thereof 

Preferred are compounds of formula I wherein R is H Ar^other group of preferred compounds of formula 
I IS that where-n D is B'-(CH2)„-. B'-{CH2).-Z-(CH, ),-, B'-(C2-U alkenylene)-. or B'-(CH2),-V.(CH2)g.. wherein 
B', Z, V, q. e, r, f. and g are as defined above. A third group of preferred compounds of formula I is that 
wherein R4 is phenyl. R7 -substituted phenyl or indanyl. Still another group of preferred compounds of 
formula I is that wherein A is *(CH2 )p-X-B. wherein X. B and p are as defined above. 

Especially preferred are compounds of formula 1 wherein D is: B'-(CH2)q-, wherein 8' is phenyl and q is 
3 or 4; B'-(CH2 )e-Z-(CH2 wherein B* is p-fluorophenyl or p-methoxy phenyl, e is zero. Z is -0-. and r is 2; 
8'-{C?-Ct alkenylene)- is 3-phenyl-1-propenyl; or 8'-(CH2)T-V-{CH2)g-. wherein B* is phenyl, f is 1. V is 
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cyclopropylene. and g is zero. Also especially preferred are compounds of fomnula I wherein A is -(CH? )p- 
X-B wherein p is zero and X is a bond. Preferably Ri . and R3 are selected from H. OH. •NO2. lower 
alkoxy. alkoxyalkoxy. lower alkyi lower aikandioyi, m-halogeno. NR,oRi 1 (lower alkoxy)-. allyloxy. phenoxy. 
alkoxycarbonylalkoxy and -C(0)Rt2. Compounds wherein R, and R3 are each H and R2 is in the para- 
position are more preferred. 

R7 is preferably selected from lower alkyI, lower alkoxy. halogeno. -OCF3. lower alkylthio, -NRioRn. 
-CN, OH. and -COR! 2. More preferred are compounds wherein n is t and R7 is in the paraposition. 

Especially preferred compounds of formula I. wherein R is hydrogen, are shown in the following Table 



D 


A 




C6H5-(CH2)3- 


P-CH3O-C6H4- 




C6H5-(CH2)4- 


P-CH3O-C6H4- 


K^^' wQri4 


C6H5-(CH2)3- 


P-CH3O-C6H4- 




C6H5-(CH2)3- 


P-OH-C6H4- 


D-CH-^O-CfiHii. 


C6H5-{CH2)3- 


P-CH3O-C6H4- 


P-CI-C6H4- 


C6Hs-(CH2)3- 


P-CH3CH2-O-C6H4- 


P-CH3O-C6H4- 


C6H5-(CH2)3- 


P-CH3O-C6H4- 


P-CH3CH2O-C6H4- 


p-F-C6H4-0-(CH2)2- 


P-CH3O-C6H4- 


P-CH3O-C6H4- 


C6H5-(CH2)3- 


P-CH3O-C6H4- 


P-F-C6H4- 


C6Hs-(CH2)3- 


P-CH3O-C6H4- 


m-CH30-C6H4- 


C6H5-(CH2)3- 


P-CH3O-C6H4- 


P-CF3O-C6H4- 


C6H5-(CH2)3- 


P-CH3O-C6H4- 


P-CH3-C6H4- 


C6H5-CH2-CH=CH- 


P-CH3O-C6H4- 


P-CH3O-C6H4- 


C6H5-(CH2)3' 


p-(CH3{CH2)3)-0-C6H4- 


P-CH3O-C6H4- 


C6H5-(CH2)3- 


P-CH3O-C6H4- 


P-CH3S-C6H4- 


C$H5-(CH2)3- 


p-(CH2-CH-CH2-0)-C6H4- 


P-CH30-C6H4- 


C6H5-(CH2)3- 


p-(C6Hs-0)-C6H4- 


P-CH3O-C6H4- 


C6H5-(CH2)3- 


P-(CH3CH202C)-C6H4- 


P-CH3O-C6H4- 



6 
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C6H5-(CH2)3- 

C6H5-(CH2)3- 
C6H5-(CH2)5- 
C6H5-(CH2)3- 

C6H5-(CH2)3- 

CHj- CH — CH- 

C6H5-(CH2)3- 

p-F-C6H4-0-(CH2)2- 

C6H5-(CH2)3- 

C6H5-(CH2)3- 
C6H5-{CH2)3- 



C6H5-(CH2)3- 

C6H5-(CH2)3- 
C6H5-(CH2)3- 

C6H5-(CH2)3- 

P<:H30-C6H4-0-(CH2)2- 

C6H5-(CH2)3- 

C6H5-(CH2)3- 

C6H5-(CH2)3- 

C6H5-{CH2)3- 
fT 

H 



P-CH3O-C6H4- 

p-(CH3CH2CH2-0)-C6H4- 

P-CH3O-C6H4- 

P-CH3O-C6H4- 

p-{CH3CH20)-C6H4- 
P-CH30-C6H4- 

P-{(CH3)2CH-0)-C6H4- 

P-CH3O-C6H4- 

P-CH3O-C6H4- 

p-(CH302C)-C6H4- 
P-CH3O-C6H4- 

-^^OCH3 
H3CO 

P-CH3O-C6H4- 
F 

p-{CH30CH20)-C6H4- 
P-CH3O-C6H4- 
p-(CH3CH20C(0)CH20)- 
C6H4- 

p-(CH30C(0)-(CH2)2- 

C(0)-0)-C6H4- 

p-((CH3)2N-(CH2)3-0)- 

C6H4* 

P-HO-C6H4- 

P-CH3O-C6H4- 



R4 

P-CH30-C6H4- 

P-CH30-C6H4- 

p-{(CH3CH2)2N)- 

C6H4- 

CsHs- 

P-CH3O-C6H4- 

P-CH3O-C6H4- 
C6H5- 

C6H5- 



P'CH30-C6H4- 

p-{H3CC(0))-C6H4- 
P-CH3O-C6H4- 

C6H5- 

CeHs- 

P-CH3O-C6H4- 

P-CH3O-C6H4- 

P-CH3O-C6H4- 

P-HO-C6H4- 
C6H5- 



The first-listed compound in the above table having the (3R.4S) absolute stereochemistry is more preferred. 

This invention also relates to the use of a novel compound of formula 1 of the present invention as a 
hypocholesterolemic agent m a mammal in need of such treatment. 

in another aspect, the invention relates to a phanmacouhcal composition compnsing a novel ^-lactam of 
formula I of the present invention in a pharmaceutically acceptable carrier. 
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In still another aspect, the present invention relates to a pharmaceutical composition comprising a 
cholesterol-lowering effective amount of a compound having the structural formula II 



wherein 

R20 IS phenyl. W-substituted phenyl, naphthyl. W-substrtuted naphthyl, benzodioxolyl. heteroaryl. W- 
substituted heteroaryl, benzofused heteroaiyl and W-substituted benzofused heteroaryl, wherein heteroaryl 
is selected from the group consisting of pyrrolyl. pyridinyl, pyrimidinyl. pyrazinyl, triazinyl, imida2olyl. 
thiazoiyl. pyrazolyl. thienyl. oxazolyl and furanyf, and for nitrogen-containing heteroaryls. the N-oxides 
thereof: 

R21. R22 and R23 are independently selected fronr^ H or R20; 

W is 1 to 3 substituents independently selected from the group consisting of lower alkyi, hydroxy lower 
alkyi, tower alkoxy. alkoxyalkyl. alkoxyalkoxy, alkoxycarbonytalkoxy, (tower alkoxyimino)-lower alkyl. lower 
alkanedioyl. lower alkyl lovwr alkanedtoyl. allytoxy. -CFs. -OCF3. benzyl. Rii-twnzyl. benzyloxy. Ri*. 
benzytoxy. phenoxy, Ri4-phenoxy. dioxolanyl, NO2. -NR10R11. NRioRn (tower alkyl)-. NR10R11 (tower al- 
koxy)-. OH. halogcno. -NHC(0)0R5. -NHC(0)R5. fl^OzSNH-. (RsOzS^N-. -S(0>2NH2, -S(0)o-2Rio. tort- 
butyldinDethylsifyloxymethyl. •C(0)Ri 2 . 



•CHg-N R,3 



and 



E, F and G are independently a bond; C3-C« cyctoalkylene: C1-C10 alkylene; C1-C10 alkenylene; C1-C10 
alkynylene, an aJkytene, alkenylene or alkynylene diain as defined substituted by one or more substituents 
independently selected fronrj the group consisting of phenyl. W-substituted phenyl, heteroaryl and W- 
substituted heteroaryl, wherein heteroaryl is as defined above: an alkylene. alkenylene or alkynylene chain 
as defined intenupted by one or more groups independently selected from the group consisting of -0-, -S-. 
-SO-, -SO2-. -Nfls, -C<0)-. Cs-Cj cyctoalkylene. phenylene. W-substituted phenylene. heteroarylene and W- 
substituted heteroarylene: or an interrupted alkylene. alkenylene or alkynylene chain as defined substituted 
by one or mofe substituents independently selected from the group consisting of phenyl. W-substituted 
phenyl, heteroaryl and W-substituted heteroaryl; or one of R2i-E and R22-F is setected from the group 
consisting of halogeno. OH. tower alkoxy. -00(0)1^. 
-NR10R1 1 . -SH or -S(tower alkyl); 

Rs is tower alkyl. phenyl. Rt4-phenyl. benzyl or Ri«-t)enzyl; 

Re is OH. lower alkyl, phenyl, benzyl, Ri4-phenyl or Ri4-benzyl; 

R« is H, lower alkyl. phenyl lower alkyl or-C(0)R9; 

R3 is H. lower alkyl, phenyl or phenyl lower alkyl: 

Rjo and Ri 1 are independently selected from H and lower alkyl; 

R12 is H. OH, alkoxy. phenoxy. benzyloxy, 



8 
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/ — V 




-NR- :R- • , lower alkyi. phenyl or R<* -phenyl. 
R- , IS -0 . -CH. -, -NH- or -N(low0r alkyl>-; 

R 4 IS 1-3 groups independently selected from the group consisting ol lower alKyl. lower alkuxy, 
-COOH. NO.. -NR.jRi, OH or halogeno 

provided that when G is a bond. Rr3 is not H. and provided that when R;:3 is W-substrtuteo phenyl. W 
IS not p-halogeno. 

or a pharmaceuticaiiy acceptable salt thereof; 

in a pharmaceuttcally acceptable carrier 

It is noted that novel compounds of formula I are included within the scope of formula II. 

Preferred compounds of tomnula II are those wherein 821 is H and E is a bond or lower alkylene, and 
those wherein R21 is phenyl and E is tower alkylene. Also preferred are compounds of formula II wherein 
R?2 IS H and F is a bond Another group of preferred compounds of formula II is that wherein G is a bond 
and R:3 is phenyl substituted by OH. -NO2. lower alkoxy, alkoxyalkoxy. m-halogeno. lower alkyI lower 
alkandioyl. NRioRn (lower alkoxy)-. allyloxy, phenoxy, alkoxycarbonylalkoxy. and -C(0)Ri2 Still another 
group ot preferred compounds of formula II is that wherein R20 is phenyl or phenyl substituted by lower 
alkyI, lower atkoxy. halogeno. -OCFa, lower alkylthio. -NRioRn . -CN, OH or acetyl. 

Certain compounds not within the scope of formula I but within the scope of formula II are novel 
compounds. Examples of such compounds are represented in the following Table 2 



R2-E- 


R22-F- 


R23-G- 


R20- 


Ci 0H2' - 


H 




4-CH3 0-C(;H4- 


Ci 0H2 • • 


H 




2.4.6-tri-CH30-C6H2- 


Ci 0 H2 ' - 


CHaCHj- 




A-CHaO-UH*. 


C10H2' - 


Q,Hs-{CH2b- 


CcHs- 


4-CH3O-UH4- 


Ci 0 H2 ' - 


CM3CH2- 




2.4.6-tri-CH3 0-C* H2- 


Ci 0 H2 ' - 


CH3CH2- 


CsH5-CH = CH- 


4-CH3O-C6H*- 


CioH? • - 


CH3- 




4-CH3 0-C6H*- 



I he present invention also relates to the method ot lowering serum cholesterol m a mammal in need ot 
such treatment comprising administering a pharmaceutical composition comprising a compound of formula 
II in a pharmaceuticaiiy acceptable carrier. 

The present invention also relates to the use of a compound of formula I or II as an ACAT inhibitor. 

The present invention also relates to a stereoselective process for producing /3-lactams of formula I, 
wherein R is hydrogen ,and D and A have trans relative stereochemistry, from a hydroxyamide of the 
formula 



O A 




wherein D, A and R* are as defined above, by cyclizing the hydroxyamide. and wherein the hydroxyamide 
IS prepared from a carboxylic acid DCH2COOH. an aldehyde A-CHO and an amine R*NH2, wherein D. A 
and R* are as defined above, in a process utilizing as a rhiral auxiliary an oxazolidinone of the formula 
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R19 p,19 p19 pi9 



wherein R^* and R'' are independently selected from the group consisting of: hydrogen, Ci-Ct alkyl. 
phenyl, naphthyl, substituted phenyl, substituted naphthyl, and benzyl, wherein said chiral auxiliary is 
preferably R-( + H-benzyhoxazolldinone. 

This process, designated Method D, for producing compounds of formula I, wherein R is hydrogen, and 
0 and A have trans relative stereochemistry, comprises the steps: 
<a) reacting a cart>oxylic acid of the formula 

D-CH2COOH, wherein D is as defined above, with a chlorinating agent; 

(b) deprotonating a chiral oxazolidinone, as described above, preferably R-( + )-4-benzyloxa2olidinone. 
with a strong base or a tertiary amine base and treating the resulting anion with the product of step (a): 

(c) enolizing the product of step (b) with either: 

(i) a dialkylboron triflate and a tertiary amine base: or 

(ii) TiCU and tetramethylethylenediamine (TMEDA) or a mixture of TMEDA and triethylamine; 
then condensing with an aldehyde of the formula A-CHO, wherein A is as defined above; 

(d) hydrolyzrng the product of step (c) with a base and hydrogen peroxide: 

(e) condensing the product of step (d) with an amine of the formula R^NHa. wherein R* is as defined 
abovo. by treating with a dohydrativo coupling agent optionally adding an activating agent: 

(f) cyclizing the product of step (e) by reacting the product of step (e) with: 
0) a dialkylazodicarboxylate and a trialkylphosphine; or 

(ii) a di- or tri-chlorobenzoyi chloride, an aqueous solution of a base and a phase transfer catalyst, 
then treating the resulting di- or tri-chlorobenzoate with an aqueous solution of a base and a phase 
transfer catalyst; or 

(iii) a dialkylchlorophosphate. an aqueous solution of a base and a phase transfer catalyst; or 

(iv) a di- or tri-chlorobenzoyi chloride and a metal hydride. 

In another emt>odiment, the process of this invention provides the steps of producing a /3-lactam of 
formula I, wherein R is hydrogen, and D and A have trans relative stereochemistry, from a ^-aminoamide 
derivative of the formula 



by cyclizing the tf-aminoamide. wherein the iS-aminoamide is prepared from a carboxylic acid DCH2COOH. 
and an imine ACHsN-R*. wherein D, A and R* are as defined above, in a process utilizing as a chiral 
auxiliary an oxazolidinone of the fonmula 





10 



EP 0 524 595 A1 



whoroin R'^ and R"' aro as dofined above, and whorom said chtral auxiliary is protorably R-( )-4-ben-v i - 
oxazolidmone 

This process, designated Method F, for producing cornpounds o< formula I, wherein R is hydrogen and 
U and A have trans relative stereochemistr/. comprises the steps 

(d.) enuii^inq the product of Method D, step (b) with TiCL and tetrametriylythylenedidmine (TMEDA) then 

condensing with an imine of the formula A-CH = N-R* , wherein A and R* are as defined above. 

(b) cyclizing the product of step (a) by treating with a strong non-nucleophilic base, preferably sodium 

bistrimethylsiiylamide 

DETAILED DESCRIPTION 

As used herein, the term "lower alkyl" means straight or branched atkyi chains of I to 6 carbon atoms 
and "lower alkyoxy" similarly refers to aJkoxy groups having 1 to 6 carbon atoms 

"Alkenyl" means straight or branched carbon chains having one or more double bonds m the chain, 
conjugated or unconjugated, and alkadienyl refers to chains having two double bonds m the chain Similarly, 
"alkynyl" means straight or branched carbon chains having one or more tnple bonds in the chain. 

Where an alkyl, alkenyl or alkynyl chain joins two other variables and is therefore bivalent, the terms 
alkylene, alkenylene and alkynylene are used 

"CycloalkyT means a saturated carbon ring of 3 to 6 carbon atoms, while "cycloalkylene" refers to a 
corresponding bivalent nng, wherem the points of attachment to other groups include all positional isomers. 

"Halogeno" refers to fluonne, chlonne. bromine or iodine radtcals 

"Heteroaryl" includes all positional isomers for a given heteroaryl group as defined above, (or example 
2-pyridyl, 3-pyrtdyl and 4-pyridyl. Benzofused heteroaryl refers to radicals formed by the bonding of a 
benzene radical to adjacent carbon atoms on a heteroaryl nng; examples are indolyl, quinolyl, quinazolinyl. 
quinoxalinyl, bcnzotnazolyl. Indazolyl. bonzoxazolyl, bonzothionyl and bonzofuranyl. 

"Phenylene" means a bivalent phenyl group, including ortho, meta and para- substitution and 
"heteroarylene" similarly means a bivalent heteroaryl group, loncluding all positional isomers. 

"(Lower alkoxyimino)lower alkyl" refers to the group (Ci-C<, lower alkoxy)-N = CH-(Ci -Cs lower alkyl). 
"Lower alkanedioyl" means radicals of the formula -OC(0)(CH2)i -4C(0)OH. while "lower alkyl lower 
alkanedioyl" means radicals of the formula -0C(0KCH2)i C(0)0-(lower alkyl). 

Ri 4 -benzyl and Ri 4 -benzyloxy refer to benzyl and benzyloxy radicals which are substituted on the 
phenyl ring 

"Tertiary amine base" means a trialkylamino. such as tnothylamme or diisopropylothylamme, or a 
nitrogen containing heterocycle, such as pyridine 

"Base" means a metal hydroxide base such as lithium, sodium or potassium hydroxide 

"Strong base" means a non-aqueous base such as a metal hydride or an alkyllithium. 

"Metal hydride" means a commercially available metal hydride such as lithium, sodium or potassium 
hydride 

"Alkyllithium" means a alkyllithium reagent such as n-butyllithium, s-butyllithium. t-butyllithium or 
methyllithium. 

""Dtjhydr alive coupling agent" means a carlwdiimide such as 1 (3'-dimelhylaminopropyl>-3-elhylcdf- 
bodnmide hydrochloride (DEC) or dicyclohexylcarbodiimide (DCC) 

"Activating agent" means an agent used to facilitate the formation of amide bonds such as 1- 
hydroxybenzotriazole (HOST) or N-hydroxysuccinimide 

"Halide satt" means a metal salt of a halogen such as sodium, lithium or potassium bromide. 

The carbon chains as defined in E, F. and G, when substituted by optionally substituted phenyl or 
heteroaryl groups, may include independent substitution on different carbon atoms, disubstitution on one 
carbon atom, or both. One skilled in the art will recognize that the number of double or triple bonds present 
the replacement o1 canx}n atoms in the chain and the presence of substltutents on the cartoon atoms in the 
chain are all dependent on the length of the chain; shorter carbon chains cannot accommodate as many 
double or triple bonds, carbon replacements or substituents as longer cartx>n chains can in general 
unsaturated carbon chains contain 1 to 4 double or triple bonds, conjugated or non-conjugated. Where 
carbon atoms are replaced. 1 to 4 replacement groups can be present Similarly, when carbon atoms m the 
chain are substituted. 1 to 4 substituents can be present. 

Examples of alkyl chains are methyl, ethyl, propyl, butyl and decyl 

Examples of unsaturated E. F and G groups are ethylene and acetylene 

Examples of t. P and G groups wherein the carbon atoms tn the chain are replaced are -CH2CH2U- 
-OCH2CH2-. -CH2O-. -CH2CH2CH?0-. -CH2-O-CH2., -CH2CH2-O-CH2, -CH2CH2-NH-. -CH2CH2-N<CH3)- 
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and -0-CH2C<0)-NH-. 

Compounds of the invention have at least one asymmetrical carbon atom and therefore all isomers, 
including diastereomers and rotational isomers are contemplated as being part of this invention. The 
invention includes d and I isomers in both pure form and in admixture, including racemic mixtures. Isomers 
5 can be prepared using conventional techniques, either by reacting enantiomeric starting materials or by 
separating isomers of a compound of formula I or l(. 

Isomers may include geometric isomers, e.g. when E. F or G contains a double bond. All such isomers 
are contemplated for this invention. 

Those skilled in the art will appreciate that for some compounds of fonmulae I and II. one isomer will 
10 show greater pharmacological activity than another isomer. 

Compounds of the invention with an amino group can form pharmaceutically acceptable salts with 
organic and inorganic adds. Examples of suitable acids for salt formation are hydrochloric, sulfuric, 
phosphoric, acetic, citric, oxalic, malonic, salicylic, malic, fumaric. succinic, ascorbic, maleic, methanesul- 
fonlc and other mineral and carboxylic adds well known to those in the art. The salt is prepared by 
15 contacting the free base form with a sufficient amount of the desired acid to produce a salt. The free base 
form may be regenerated by treating the salt with a suitable dilute aqueous base solution such as dilute 
aqueous sodium bicart>onate. The free base form differs from its respective salt form somewhat in certain 
physical properties, such as solubility in polar solvents, but the salt is otherwise equivalent to Its respective 
free base fonms for purposes of the invention. 
20 Certain compounds of the invention are addic (e.g.. those compounds which possess a cartKJxyl 
group). These compounds form pharmaceutically acceptable salts with inorganic and organic bases. 
Examples of such salts are the sodium, potassium, caldum. aluminum, gold and silver salts. Also included 
are salts formed with pharmaceutically acceptable amines such as ammonia, alkyi amines, hydroxyal- 
kylamines, N-methylglucamine and the like. 
2S Compounds of formulae I and II can bo proparod by sovoral known mothods. and in particular 
compounds having trans stereochemistry can be prepared by a novel method 0. as disdosad in U.S. Serial 
No. 07/734.426, filed July 23. 1991. or novel method F. 

30 Method A: 



35 



40 



45 




lb 

so 

Compounds of fonmula la and lb. wherein A. O, R and R4 are as defined above, can be prepared by 
treatment of an ester of fomnula V, wherein R15 is lower alky I such as ethyl or a chiral moiety such as 
menthyl or 10-(diisopropylsulfonamido)-isobomyl. with a strong base such as lithium diisopropylamide in a 
suitable solvent such as tetrahydrohjran (THF) at -78*0. Hexamethylphosphoric triamide (HMPA) may 
55 optionally be added as a cosolvent An imine of formula IV is added and the reaction mixture is warmed to 
room temperature and the product isolated using conventional purification techniques. When a chiral ester 
of formula V is used, the resulting compound of formula la or lb is not racemic. 
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la 
(R *H) 



lb 
(R^H) 

Id (R=H) 

Compounds of formula Ic or Id can be converted to compounds of fomnula la or lb by treatment with a 
strong base such as lithium diisopropylamide in a suitable solvent such as THF in the presence or absence 
of HMPA at -78' C. followed by the addition of an alkylating agent R-R17. or an acylating agent such as R- 
C(0)0-alt<yl or R-C(0)CI, wherein R is as defined above, except that R is not hydrogen, and Ri 7 is a leaving 
group such as bromo or iodo. 

Method B" 



Trans compounds of formula Id can be converted to the corresponding cis compounds of formula Ic by 
using Method B. above, but using a proton source such as acetic acid in place of the alkylating agent. 

Method C- 



Trans compounds of formula Id, wherein R is hydrogen and A. D and R* are as defined above can be 
prepared by treating cis compounds of formula Ic with a strong base such as lithium diisopropylamide or 
potassium t-butoxide in a suitable solvent such as THF. Those skilled in the art will appreciate that since the 
reaction conditions of Method C can be similar to those of Method A, the conversion of cis to trans 
sometimes occurs in situ under the conditions of Method A 
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Method B: 



— N 

O R4 

Ic (R=H} 



base 



alkylating agent 
or acylating agent 



base 



alkylating agent 
or acylating agent 
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Method D 



chlorinating 
agent 

Step D1 XIII XIV 



base ^^^N-^^'^S^ 



I) strong base or 
(eniaiy amine 



O O 
StepD2 XV XVI 



A-CHO 
XVII 

XVI ^ ^ 

(alkyDjBSOsCFj. o — D 

tertiary amine base: g 



O OH 



or XVIII 
TiCU. TMEDA (or TMEDA + 
Step 03 tricthylaminc 



H2O2/ 



O OH 



XVIll ^ HO^ "^A 



D 

Step D4 XIX 

R'nH2 o 
XX 

XIX ^ r4|^H 

coupling agent 
activating agent 

Step D5 
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(i) P(alkyl)3 + 
dialkylazodtcarboxylatc; 



XXI 



(li) di- or tri-chlofobcnzoyl 
chiondc. aqueous base, phase 
transfer reagent; or 

(iii) dialkylchlorophosphaic. 
aqueous base, phase 

iransfcr reagent; or 

(iv) di- or iri-cholorobenzoyl 
Step D6 chloride + alkali mcia! hydride 




J5 tn step Di of Method D, the carboxylic acid XIII is treated wrth a chlorinating agent, e g . thionyi chloride 
or oxalyl chloride, under a dry atmosphere, neat or in a suitable inert organic solvent, e g . toluene, at 70 *C 
to produce compound XIV. 

In step D2, compound XV is converted to compound XVI in a two step reaction, first by deprotonating 
with a strong base, such as an alkyllithium. e.g.. n-butyllithium. or metal hydride, e.g , sodium hydride, or a 

po tertiary amine base, such tnethylamme. m a suitable anhydrous organic solvent, e g . dry THF. under a dry, 
inert atmosphere, e.g., nitrogen, at about O'C to about -85 'C, preferably about -78 'C. over a period of 
about 30 to about 90 minutes, preferably about 60 minutes, and second by reacting the resulting anion 
without isolation, with compound XIV in a suitable anhydrous organic solvent, e.g.. dry THF, under a dry. 
inert atmosphere, e g . nitrogen, at about -50 *C to about • 85 'C. preferably about -78 'C, over a period of 

25 about 30 to about 60 minutes, preferably about 45 minutes, followed by continued reaction at about -IO*C 
to about 10* C, preferably about O'C. for a pehod of about 30 to about 90 minutes, preferably about 60 
minutes, then isolating the product, compound XVI. by extraction 

In step D3, compound XVI is treated with a dialkylboron triflate, e.g., di-n-butylborontriflate 
(BU2BSO3CF3). in a suitable inert organic solvent, e.g. CH2CI2, under a dry, inert atmosphere, e g., nitrogen, 

30 at about -60 *C to about 10* C. preferably about -10' C to about O'C, for a period of about 10 minutes. A 
tertiary amine base. e.g.. diisopropylethylamine, is added at about -10 *C to about O'C. preferably about 
-6' C to about-3 ' C, for about 20 to about 40 minutes, preferably about 30 minutes. The mixture is stirred at 
about -50* C to about -85 * C. preferably about -78* C, for about 20 to about 40 minutes, preferably about 30 
minutes, then treated with compound XVH. at about -50 *C to about -85 *C. preferably about -78 'C, for 

35 about 20 to about 40 minutes, preferably about 30 minutes. The mixture is stirred at about -10 'C to about 
5'C, preferably about O'C for about 30 to about 90 minutes, preferably about 60 minutes, then quenched 
with an aqueous pH 7 butler solution, e.g., an aqueous solution of KH2PO4 and NaOH, and treated with 
methanol, and hydrogen peroxide, preferably 30% hydrogen peroxide, at about -5*C to about 5'C. 
preferably about O'C. tor about 1 hour. The product is isolated by extraction and crystallized from a 

40 suitable solvent, e.g., hexane/ethyl acetate, to obtain compound XVlll. 

AUeriidlively, step D3 comprises treating compound XVI with titanium tetrachloride (TiCU), in a suitable 
inert organic solvent, e.g Cl-bCla. at about -60 *C to about O'C. preferably about -25 'C to about - 15 'C. 
and most preferably at about -20 'C. for a period of about 10 minutes. Tetramethylethylenediamine 
(Tf\/!EDA) or a combination of TMEDA and tnethylamme is added slowly over a penod of about 10 minutes. 

45 while maintaining the temperature at about about -25 'C to about -10* C. The mixture is stin-ed at about 
-25' C to about -10' C. preferably about -15' C to about -10* C. for a period of 30 to 90 minutes, preferably 
about 60 minutes, then treated wrth a compound of the formula XVII. The mixture is stirred at atx)ut 25 'C to 
about -lO'C, preferably about -15'C to about -10 *C. tor a period of 30 to 90 minutes, preferably about 60 
minutes, then stirred for 30 to 60 minutes, preferably atx)ut 40 minutes, while warming to about O'C to 

50 about 10* C. preferably about 10 'C The mixture is quenched with an aqueous solution of tartaric acid, 
preferably a solution of about 10% tartaric acid in water The product is then isolated by extraction with a 
suitable solvent, e.g. ethyl acetate, and recrystallized from a suitable solvent, such as ethyl actetate/hexane, 
to obtain compound XVlll. 

In step 04, compound XVIH is treated with hydrogen peroxide, preferably 30% hydrogen peroxide, in a 
55 inort organic solvent, e g . THF^ water, at about -5'C to about 5'C. preferably about O'C. for about 10 to 
about 20 minutes, preferably atxDut 15 minutes, then treated with a base. e.g.. lithium hydroxide, at about 
-5*C to about 5*C. preferably about O'C. until no starting matenal remains, as determined by thin layer 
chromatography (TLC). m atx)ut 2 hours to about 4 hours, preferably about 3 hours. The excess peracid is 
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reduced by slowly adding a solution of sodium sulfite in water to the mixture over a period of about 30 to 
about 90 minutes, preferably about 70 minutes. The bulk of the solvent is removed under vacuum and the 
residue diluted with water. Compound IV is recovered from the mixture by extraction with a suitable inen 
organic solvent, e.g.. toluene. The remaining aqueous solution is acidified to a pH of about 2.0 to about 3.0. 
5 preferably pH of about 2.4. using hydrochloric acid. The product is isolated by extraction using a suitable 
inert organic solvent, e.g.. ethyl acetate, to provide compound XIX. 

In step D5. compound XIX is reacted with compound XX. a dehydrative coupling agent, e.g.. 
dicyclohexylcarbodiimide (DCC). and an activating agent, e.g.. 1 -hydroxy benzotriazole (HOBT), in a suitable 
inert organic solvent, e.g.. dimethylformamide or acetonitrile. at about 25 'C to about 50 'C. preferably 

10 about 40 • C. The reaction is continued until the starting material is consumed, as determined by TLC. in 
about 4 hours. The product is isolated by extraction to obtain compound XXI. 

In step D6. compound XXI Is cycllzed by treating with triphenylphosphine or preferably a triaikyl- 
phosphine, e.g.. tri-n-butylphosphine,and a dialkylazodicarboxylate. e.g., diethylazodicarboxylate (DEAD), in 
a suitable anhydrous organic solvent, e.g.. dry THF. under a dry. inert atmosphere, e.g. nitrogen, at about 

/5 -50 'C to about -85 'C. preferably about -70*C. for about 1 to about 3 hours, preferably about 2 hours. The 
reaction is then continued at about room temperature for about 12 to about 24 hours. The product is purified 
by preparative high performance liquid chromatography (HPLC) to obtain a compound of formula I. having 
trans relative stereochemistry. The use of tributylphosphine In this step gives reaction yields significantly 
higher than the yields obtained using triphenylphosphine. 

20 Alternatively, step D6 comprises combining compound XXI and a suitable phase transfer catalyst, e.g. 
tetra-n-butylammonium hydrogen sulfate, in a suitable solvent, such as methylene chloride. The mixture is 
stirred while cooling to about 0*C to 20*C. preferably about 10'C to about 20 'C. then treated with an 
aqueous base, such as an alkali metal hydroxide, preferably 50% aqueous sodium hydroxide. A di- or tri- 
chlorobenzoyl chloride, preferably 2.6-dichk)roben2oyl chloride or 2.4.6-trichk)roben2oyl chloride, is slowly 

2S added over a period of 20 to 60 minutes, preferably about 30 minutos. The mixturo is stirred at about 0"C 
to about 25 • C. preferably about 1 5 • C to about 20 • C. for a period of 2 to 4 hours, preferably about 3 hours, 
then poured into cold water. The organic layer is separated and washed with water to neutral pH. The di-or 
tri-chlorobenzoate product is isolated by crystallization from methylene chloride/heptane. The di- or tri- 
chlorobenzoate product Is combined with a suitable phase transfer catalyst, e.g benzyltriethylammonium 

30 chloride, in a suitable solvent, such as a mixture methylene chloride and methyl t-butyl ether. The mixture is 
stirred at about O'C to about 25 'C. preferably about 15*C to about 20 'C, and treated with an aqueous 
base. e.g. an alkali metal hydroxide, preferably 50% aqueous sodium hydroxide. After stin^ing for a period of 
2 to 6 hours, preferably about 4 hours, the mixture is poured into ice water. The organic layer is washed 
with water to neutral pH. The product is isolated by removing the solvent, then purified by chromatography 

35 and recrystallization from a suitable solvent to give a compound of formula I. having trans relative 
stereochemistry. 

A third alternative for step D6 comprises treating compound XXI in a suitable solvent, such as CH2CI2, 
with a dialkylchlorophosphate. preferably diethylchlorophosphate. and an aqueous base, such as an alkali 
metal hydroxide, preferably 50% aqueous sodium hydroxide, in the presence of phase transfer catalyst. 
40 such as tetra-n-butylammonium hydrogen sulfate or benzyltriethylammonium chloride. 

Another alternative for step 06 comprises Irealing compound XXI with a dl- or Iri-chloroben^oyl chloride, 
preferably 2.6^ichlorobenzoyl chloride or 2.4.6-trichlorobenzoyl chloride, and a suitable base, such as 
sodium hydride in a suitable solvent such as CH2Cb. dimethylformamide. or a combination thereof. The 
product is isolated and purified by chromatography followed by crystallization from a suHable solvent, e.g. 
45 ether/hexane. 

Starting compounds XIII. XV, XVII, and XX are all either commercially available or well known in the art 
and can be prepared via known methods. 



Method E: 



so 



55 




A 



R, 



D 




IV 



XII 



la 
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Compounds of formula la can also Do prooared by treatment o* an imine of formula IV ^wh an activated 
carboxylic acid derivative of formula XII in Ifie presence of a base sucfi as tnethyiamme, tnbutylamme or 
aiethylisopropylamine in an mod solvent such as CHpCI-, fioptane or toluene Examples of activated 
Laitoyltc acid denvatives of lormula XII mcluOe acid chlorides (L - CI), mixed anhydrides formed wi'^ 
prenyl pfiosphorodtchlondate ( L ^ OP(0)(CI)OPh), and N-methylpyndifHum esters formed from the reactiori 
ct ar acid with N-methyl-2-chloropyndinium iodide (L = 2-oxy-N-methylpyridinium iodide) 

Starling maiohals of formulae IV and V are known or can bo proparod hy methods woll known m tho an 

Method F: 
Step F1 




Step F2 I a 



In step Fl. compound XVI (from Method D, step 2) is dissolved m a suitable solvent, e.g. methylene 
chloride, then treated with titanium tetrachloride at about -60 "C to about O'C. preferably about -25 'C to 
about -15* C, under a dry. inert atmosphere, preferably nitrogen, tor a penod of about 5 min. TMEDA is 
added and the mixture stirred at about -60*C to about -10* C, preferably about -25 'C to at>out - 20* C. for 
a penod of about 1 hour. The imine (A-CH = N-R*) is slowly over a period of 20 to 40 min.. prelerably about 
30 min.. and the mixture is stirred at about -60* C to about O'C. preferably about 25* C to about - 15* C. for 
20 to 40 mm., preferably about 30 min. The mixture is then wamr>ed to about 0*C and the reaction 
monitored by high pressure liquid chromatography (HPLC) until complete. The mixture is then poured into a 
sululion of lartaric acid in water, preferably 10% tartaric acid. The product is isolated by exlraclion with a 
suitable solvent, e.g. ethyl acetate, then purified by crystallization. 

In step F2. the product of step Fl is treated with a strong norvnucloophiiic base, such as sodium or 
lithium bistrimothylsilylamide, in a suitable inert organic solvent, e g CH2CI2. at about -20 'C to about 
10* C. preferably about O'C. The mixture is stirred while gradually wanming to atx>ut 20' to about 25 *C. 
then monitored by HPLC until the starting material is gone, typically after a period of 1 to 2 hours. The 
reaction mixture is poured Into aqueous tartaric acid, preferably 10% tartaric acid, and the product isolated 
from tf>e organic layer. 

Imines of the formula A-CH = N-R* can be prepared from aldehydes of the formula A-CHO and amines 
of the formula R*-NH2 by procedures well known in the art. Aldehydes of formula A-CHO and amines of 
formula R*-NH2 are commercially available or can be prepared via known procedures. 

Compounds of formula II can be prepared by methods similar to those descritjed for compounds of 
formula I 

It win also be apparent to those skilled in the art. and by reference to the examples which follow, that 
compounds of formulae I and II can be converted into different compounds of formula I or II by well known 
methods For example, a compound of tonmula I wherein A comprises a double or triple bond, or a 
compound of formula II wherein G compnses a double or tnple tDond can be converted to the corresponding 
saturated compound by treatment with hydrogen gas In the presence of a catalyst such as palladium or 
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platinum on carbon. 

Reactive groups not involved in the above processes can be protected during the reactions with 
conventional protecting groups which can be removed by standard procedures after the reaction. The 
following Table 3 shows some typical protecting groups: 



25 



Group to be 
Protected 



-COOH 



-NH, 



-OH 



Table 3 
Group to be Protected and 
Protecting Group 



-COOalkyl. -COObenzyl. -COOphenyl 



^ NCOalkyl.^ NCObenzyl. 



NCOphenyl, 



^NCH20CH2CH2Si(C^t)3.^NC(0)OC(GH3)3 



\ \ 
^-benzyl. /NSi(CH3)3 



U 



-OCHj. -0Si(CH3)3, 



^NSi-C(CH)3 
CH, 



-0Si-C(CH)3 
c!h3 



We have found that the compounds of this invention lower serum lipid levels, in particular serum 
cholesterol levels. Compounds of this invention have been found to inhibit the intestinal absorbtion of 
cholesterol and to significantly reduce the formation of liver cholesteryl esters in animal models. Some 
compounds also inhibit ACAT in vitro . Thus, compounds of this invention are hypocholesterolemic agents 
by virtue of their ability to inhibit the esterification and/or intestinal absorption of cholesterol: they are 
therefore useful in the treatment and prevention of atherosclerosis in mammals, in particular in humans. 

In addition to the compound aspect, the present invention therefore also relates to a method of lowering 
serum cholesterol levels. wIVich method comprises administering lo a mammal in need of such Uealment a 
hypocholesterolemic effective amount of a compound of formula I or II of this invention. The compound is 
preferably administered in a pharmaceutically acceptable carrier suitable for oral administration. 

The in vitro and in vivo activity of the compounds of formulae I or II can be determined by the following 
procedures. 



ACAT Assay (in vitro) 



This assay measures the activity of ACAT by nrieasurlng the ACAT-medlated transfer of trWated oleic 
so add from acyl-CoA to cholesterol to give labeled cholesteryl oleate. Rat liver microsomes are used as the 
source of ACAT. Assays are performed in round bottom microtiterplates using a total incubation volume of 
50 uL Each incubation well receives 10 uL assay buffer (0.5M KHPO4, 10 uM dithiothreitol, pH 7.4). 7.5 uL 
of 40 mg/mL BSA (Bovine Serum Albumin) and 12.5 ug of microsomal protein. The test compound (in 
sufficient amount to bring the final concentration to from 0.1 to 25 wM). reference compound, or vehicle 
55 control is added and the final volume brought to 47 uL The microtiterplate is then floated on the surface of 
a 37-C water bath for fifteen minutes. Incubations are started by the addition of 3 uL ^H-acyl CoA 
(luCi/well. final concentration of 10 uM acyl CoA). The plate is then returned to the water bath tor 15 
minutes. The incubations are then terminated by application of 15 aL from each incubation to individual 
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lanes on a thm layer plate (Silica Gel GF 20 x 20 cm) Standards are applied to several lanes so that the 
cholesteryl ester band can be identified After drying, the plates are ©luted with 90 10 i petroleum 
ether diethyl ethor:acetic acid The standards are visualized via iodrne vapor, and the regions corresponding 
tc cholesteryl ester are scraped into 7 mL scintillatton vials 4 mL ol scint»Hant are added to each vial and 
ll-e radioactivity quantified. Background count is determiried by the boiled controls Full activity is 
aeternnined by activity m the presence of vehicle. The percent inhibition is calculated by subtracting the 
background fron^ both control and test samples, and the test value is calculated as a percentage of tho 
control For IC:o determinations, the inhibition is plotted against drug does on a log scale and the 
cnncentratinn at which 50*Vo inhibition is obtained is determined 



In Vivo Assay of Hypolipidemic Agents Using the Hyperlipidyrmc Hamster 



Hamsters are separated into groups of six and given a controlled cholesterol diet (Punna Chow #bOOl 
containing 0.5% cholesterol) for seven days. Diet consumption is monitored to determine dietary cholesterol 

?5 exposure m the face of test compounds. The animals are dosed with the test compound once daily 
beginning with the initiation of diet. Dosing is by oral gavage of 0 2mL of corn oil alone (control group) or 
solution (or suspension) of test compound in com oil. All animals moribund or in poor physical condition are 
euthanized. After seven days, the animals are anesthetized by IM injection of ketamine and sacrificed by 
decapitation. Blood is collected into vacutainer tubes containing EDTA for plasma lipid analysis and the liver 

20 excised for tissue icpid analysis. Data is reported as percent reduction of lipid versus control. 

The present invention also relates to a pharmaceutical composition compnsing a compound of formula I 
or II of this invention and a pharmaceutically acceptable earner The compounds of formula I or II can be 
administered in any conventional oral dosage form such as capsules, tablets, powders, cachets, suspen- 
sions or solutions The formulations and pharmaceutical compositions can be prepared using conventional 

25 pharmaceutically acceptable oxcipicnts and additives and conventional tochniquos. Such pharmaceutically 
acceptable exciptents and additives include non-toxic compatible fillers, binders, disintegrants. buffers, 
preservatives, anti-oxidants, lubncants. flavorings, thickeners, coloring agents, emulsjfiers and the like. 

The daily hypocholesteremic dose of a compound of formula 1 or H is about 7 to about 30 mg/kg of 
body weight per day For an average body weight of 70kg. the dosage level is therefore from about 500 to 

30 about 2000 mg of drug per day. given in a single dose or 2-4 divided doses. The exact dose, however, is 
determined by the attending clinician ar>d is dependent on the potency of the compound administered, the 
age, weight, condition and response of the patient. 

Following are examples of preparing compounds of formulae I and II The stereochemistry listed is 
relative stereochemistry unless ottierwise noted. The terms cisArans refer to the relative orientations at the 

35 beta-lactam 3- and 4- positions when each is mono-substituted (i e . R = H) 



Freshly prepare lithium diisopropyl amide (LDA) by dissolving 23 96mL {17 39g. 172mmol) 
diisopropylamine in 230mL dry THF at -78 'C under nitrogen. Add 103. 9mL (166 mmol @ 1.6M in hexanes) 
of n-butyl lithium and stir at -78' C for 1h To this cold solution add 32 58g (l58mmol) of 5-phenyl valenc 
acid ethyl ester m l95mL dry THF over -1h. keeping the reaction temperature below -65 'C. Stir for 1h at 
55 -78*0. then add 38 13g {158mmol) of 4^ethoxyt)enzylidine anisidine in 350mL dry CH2CI2- Allow the 
reaction to slowly come to room temperature and the precipitate that forms will begin to go into solution. 
Stir the reaction mixture tor I6h at room temperature Partition the mixture between 1 2liter of IN aqueous 
hydrochloric acid (HCI) and 1 liter of ether. Wash the ether layer with 300 mL \N HCI. Combine the acid 



EXAMPLE 1 
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layers and extract with 1 liter of ether. Combine the ether extracts, dry over MgSO* and concentrate in 
vacuo. Crystallize the residue (35.08g, 55%) from -200mL ethyl acetate-hexane (11) to give 32 05g of the 
title racemic compound as an off-white crystal, mp = 90-93 * C. 

Using a similar procedure, the following compounds shown in Tables 4 and 4 A can also be prepared: 
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45 



elemental analysis: calc'd 
C=ai.01. H=7.06. N=3.63; 
found C=80.97. H=7.06. 
N=3.74 


elemental analysis: calc'd 
C=e0.32. H=6.31, N=3.02; 
found C=r80.26, H=6.27. 
N=3.18 


o 

o 
in 

csi 

O 

in 

o 

T\ 

6 


CO 

in 
+ 

CO 
UJ 


o 

o 
in 

GO 

« 

GO 
II 

CX 

E 


O 
o 

O 
1 

CO 

o 

II 
a 

6 


CSi 

a> 
jl^ 

CO 

CD 
< 


o 

o 
o 

in 

GO 

o 
II 

CL 

E 


X 

O 

X 

Q 
■ 

Q. 


6 

Q. O 


X 

(0 

O 

6 

X 

o 

1 


X 

CO 

O 
1 

o 

X 

o 

1 

Q. 


• 

X 

(O 

O 
t 

o 

X 

o 

1 

Q. 


• 

X 

O 
• 

o 

n 
X 

o 
L 


1 

X 

CO 

O 
t 

o 

CO 

X 
O 
CL 


X 

(O 

O 

6 

CO 

X 
O 
Q. 


'5 


V) 

o 


</) 

c 
2 


<o 
c 

<0 




CO 


CO 

c 
2 


.S2 
o 


X 

O 
• 

o 

o 

s 

1 


• 

X 

(O 

O 

6 

CO 

X 

o 

1 




( 

W <o 
O O 

CM 

T ^ 

9. o 


CO (O 

o o 

T ^ 

^ O 


« 

X 

O 
CO 

CO 

X 

O 
i 


r» 

£ 
o 

£ 
o 


£ 
o 

£ 
o 


X 


X 


X 


X 


X 


X 


X 


X 


■ 

X 

o 

• 

ifi 
X 


• 

X 

o 

• 

X 

(D 

o 


f 

X 

o 

1 

X 

o 


X 

o 

1 

in 
X 

CD 

O 


t 

X 

o 

in 
X 

(0 

O 


X 

o 

• 

m 
X 

CO 

O 


1 

JO 
CM 

X 

o 

1 

m 
X 

CO 

O 


X 

o 

in 

X . 

CO 

O 


Q. 
< 


o 
< 


% 


CO 

< 


< 


< 


> 
< 


1 



55 



22 



EP 0 524 595 A1 



cn 
CO 

uu 


CT> 
CD 
It 

E 


Oi 
CD 
II 

CL 

E 


o 

o 

lO 

cJ 
a> 

LO 

II 

CL 

E 


O 
o 
o 

GO 

CD 

CD 
CO 

II 

CL 

E 


o 

o 
CD 

CO 

Q 
CD 

11 

Q. 

E 


O 

o 

CM 

C? 

II 

CL 

E 


o 

o 
ir> 
II 

CL 

E 


o 

o 

ID 

CD 
00 

U-) 
ui 
n 

Ci 

E 


o 
& 

<D 
O 

in 

II 

CL 

E 


o 

o 

ID 

to 
cb 

it 

CL 

E 


X 

(D 

o 
6 

CO 

X 

o 

CI 


X 

o 
6 

X 

o 


At 
X 

O 

6 

CO 

X 

o 


X 
O 

6 

n 
X 

o 

<i 


X 
O 

6 

CO 

X 

O 
Q. 


X 

o 
6 

CO 

X 
O 

CL 


if 
X 

O 

6 

<o 
X 

o 

CL 


X 

(D 

o 
6 

CO 

X 
O 
Q. 


X 

to 
O 

6 

CO 

X 

o 

CI 


X 

O 

6 

CO 

X 

o 


X 
O 

6 

CO 

X 

O 

CL 




V) 

"o 


CO 

o 


to 

o 


w» 

'o 




v> 
c 

(0 




w 
c 

CO 


to 
c 




/ — V 

o o 


O 

X 

eg 
ro 

X . 

^ X 

^ O 


o 

X 

O 
'o 

X V 

O X 
^ <o 
4 O 


n 
X 

*? 








V 


V 


• 

X 

CD 
CO 

u. 

O 


• 

X 

CO 

O 

CO 
LL 

o 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


CO 

X 

o 

X 

CD 

O 


CO 

X 

o 

<r> 
X 

O 


CO 

CNi 

X 

o 

X 

<o 

o 


CO 

CVJ 

X 

o 

In 
X 

O 


o 

CM 

X 

o 

X 

o 


CO 

X 
O 

X 

O 


CO 

X 
O 

in 
X 

O 


CO 

"oj 
X 
O 

i!n 
X 

cc 
O 


CO 

X 
O 

*n 
X 

(D 
O 


CO 
CM 

X 

o 

If) 
X 

<o 
O 


CO 

X 

o 

to 
X 

(O 

O 


X 

< 


> 
< 




< 
CD 


CO 
CD 


O 


Q 


LU 
CO 


LL 


O 
GO 


X 
CD 



55 



23 



EP 0 524 595 A1 



o 

o 
o 

CM 

'm 

Q. 

6 


o 

o 
d 
in 

CD 
CO 

It 

a 
E 


o 

o 
o 

CO 
CD 
1 

o 

CO 
<D 

II 

a 
E 


CI MS(M+1)=456.2 


o 

o 
m 

CM 

• 

CM 
Q 

E 


O 
o 

CM 
CO 

cn 

'u 

cx 
E 


o 

o 
in 

CO 

GO 
U 

a 
E 


O 
o 

o 
rv 

GO 
CD 
il 

a 

E 


O 

o 

CM 

in 

CD 

m 

II 

a 
E 


O 
o 
in 

Cvi 
q 

II 

a 
E 


O 
o 

Oi 

o 

1 

CO 

o 

a 
E 


O 
o 
id 

GO 
CM 

1 

in 

CM 

'n 
a 
E 


O 
o 
m 

q 

11 
E 


X 

<o 

o 
6 

to 
X 

o 

1 

a 


• 

X 

CO 

o 

1 

o 

CO 

X 

o 

1 

GL 


X 

o 

1 

o 

CO 
X 

o 

a. 


X 

a 
o 

cn 
X 

o 

* 

a 


X 

O 
• 

o 

CO 

X 

o 

< 


X 

o 

1 

o 

CO 

X 

a 

Q. 


X 

o 

1 

o 

CO 

X 

o 

d 


• 

X 

IO 

O 

6 

CO 

X 
O 
Q. 


X 

(O 

O 

6 

CO 

X 

O 


• 

X 

(O 

o 

1 

o 

CO 

X 

o 


X 

IO 

O 

o 

CO 

X 

o 


t 

X 

CD 

o 

i 

O 

£ 
o 

6. 


X 

CO 

O 
* 

o 

CO 

X 

o 




o 


o 


Ui 

C 

<a 


o 


.52 
o 


CO 


m 
c 

5 


(/) 
C 

2 


CO 

u 


CO 


CO 

*o 


CO 

o 




p" 


< 

X 
O 

o 

U- 

o 

CO 


< 

X 

o 

( 

o 

CO 
IL 

o 

1 

CO 


X 
O 

CO 

X 

O 
• 


• 

O 
X 

o 

1 

X , 
O X 

^ CD 

4 O 


• 

X 

CO 

O 
• 

o 

1 

CNi 

X 

o 

CO 

X 

o 






• 

X 

o 

1 

o 

X 

o 

CO 

X 

o 


X 

CO 

O 

« 

o 

* 

IO 

X 

CO 

O 
* 


t 

X 

CO 

O 
• 

IO 

X 

CD 

o 

1 


? 

evi 
X 

9 

X 

V 

CM . 
I ^ 

^ CO 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


• 

X 

o 

• 

IO 

X 
to 

o 


CO 

X 
O 
1 

try 
X 

O 


Jo 
X 

o 

• 

in 
X 

<o 
O 


« 

CO 

X 
O 

in 
X 
(0 

O 


t 

CO 

X 

o 

1 

X 

10 

O 


• 

CO 

X 

o 

• 

IO 

X 

(0 

o 


• 

X 

o 

I 

to 
X 

(0 

O 


Jo 
X 

o 

1 

«A 

X 

CD 

a 


Jo 
X 

o 

f 

IO 

X 

to 
O 


Jo 
X 

o 

in 
X 

(O 

O 


« 

CO 

X 

o 

1 

(O 

X 

O 


CO 

X 

o 

in 
X 

CO 

O 


Jo 
'cm 
X 
O 

Co 
X ■ 

CD 
O 




"5 
GO 


^ 
OQ 


CO 


CD 


z 

CD 


o 

CD 


CD 


o 

CD 


X 
CD 


(0 
CD 


CD 


3 
02 



24 



BP 0 524 595 A1 



o 

o 

CD 

li 

Q. 


O 

o 

d 
n 

in 

CD 

il 

CL 

E 


O 

c 

lO 

d 

d 
d 

Q. 

E 


a 

o 
O 

d 
in 

CD 
M 

Q 

E 


O 
o 

O 

6 

{( 
E 


u 

o 
<:^J 

II 

CL 

E 


(J 

o 

CD 

II 
E 


a 

o 

CD 
C\J 

CD 

C\J 

II 

a 
E 


o 

o 
d 

C\l 

il 

, a 
E 


o 

o 

QD 

O 
00 

11 

Q 

E 


o 

o 
eg 

O 

O 
(1 

. CL 

E 


X 

o 
6 

CD 

X 

o 


X 

o 
6 

n 
X 

o 

CL 


X 

CO 

o 
6 

n 
X 

o 

a. 


to 
X 

O 


X 

o 
6 

X 

o 

CL 


X 

to 
CJ 

6 

X 

o 


5 

<n 

£ o 
6 


Ay 
X 

i£3 

o 
6 

X 

o 


X 
O 

6 

X 

o 


A» 
X 

o 
6 

X 

o 


X 
O 

6 

X 

o 


.52 
o 


"o 




(/) 
o 


</5 
O 


(/> 

e 


CO 

o 


CO 

o 


CO 

o 


CO 

o 


to 
o 


n 

X 

^ 8 ^ 


X 

Vy 




X 

<£> 
O 

o 

X 
O 
r> 
X 


V ^ 




X 

O 

6 

X 

o 


•V 

X 

o 
6 

r> 
X 

o 


X 

O 

6 

CO 

X 

O 


X 

o 
6 

CD 

X 

o 


X 

O 

6 

CO 

X 

O 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


CO 
CM 

X 

o 

in 
X 

<o 
O 


CO 

X 

o 

X 

(O 

O 


CO 

X 

o 

X 

QO 

o 


eo 
X 

o 

In 
X 

CO 

O 


Jo 
X 

o 

in 
X 

O 


r> 

CNJ 

X 

o 

in 
X 

o 


r) 

<N 

X 

o 

X 

o 


<v 
X 

o 

in 

X 
<o 
O 


CM 

X 

o 

1 

o 

X 
O 


CO 

X 

o 

CO 


1 

X 

o 

6 


> 
CD 


5 

CD 


X 


CD 


Nl 

m 


< 
o 


CD 
O 


o 
o 


Q 

O 


O 


LL 

o 



55 



EP 0 524 595 A1 



P eg 

o rj - 

« ^ n 

^ S 

c S O n 
$ ^ -o T 
E £ «*? 
« II a li 
« O o 2 


S 'J « 

« ^ a 
> f^J I 

s «s s 
- V 

t ri -o ^. 

• n 3 n 

• O O 2 


elemental analysis: calc'd 
C.78.04. H=7.03. N=3.37; 
found C=77.69. H=6.98, 
N=3.60 


o 

o 

iO 

in 
o 

o 

T\ 

Q. 

e 


o 

o 
in 

^* 

1 

O 
CL 

E 


o 

o 

CNJ 
0> 

II 

Q. 

E 


• 

X 

to 

O 
• 

o 

£ 
o 

• 


< 

in 
I 

(O 

O 


X 
O 

o 

CO 

X 

1 


X 
O 

6 

X 

o 

1 


X 
O 

6 

CO 

X 

o 

• 


X 
to 
O 

6 

<0 

X 

o 




cn 
o 




c 
2 


(A 
U 


u 


• 

X 

CD 

o 

• 

o 

CO 

X 

o 

• 


X 
O 

o 

X 

o 


« 

X 

o 
6 

X 

o 

1 


* 

X 

O 
* 

CO 

CO 

X 

o 




X 

z 

eg 

^ to 


X 


X 


X 






X 


5 

1 


6 

X 

«D 

4 


• 

cv 
X 

o 

1 

lA 

X 

CD 

o 


X 

o 

1 

in 
X 

<o 
O 


X 

o 

• 

in 
X 

(£> 
O 


Jo 

X 
Q 

m 
X 

(D 
O 


CO 

o 


X 

o 


o 


O 


2 
O 


o 
o 



55 



26 



EP 0 524 595 A1 



X 

to 
O 



X 

o 



X 

o 




X 

o 



X 

o 
o 



o 

0) 

Co 
cr 



o 

CO 
eg 



CVI 
CM 

X 



liJ 

CVI 

CC 



II 

Q- 



X 

o 

O 



CO 
GO 
M 

CX 

E 







X 


X 


to 




O 


o 


6 


6 


(D 


(D 








a. 



o 



X 



o 



o 

o 

:5 



X 

o 

o 



a 

o 
o 

O) 



II 



CO 



O 
o 

to 



O 
o 
o 

CO 
00 



to 



CO 



II 



M 

CX 



CO 



CO 
CO 



X 

CO 

O 

o 

0) 



X 
O 

6 



X 
CD 

o 
6 



X 

to 
O 



X 



X 

CO 

O 



X 

CO 

O 



X 

o 

X 

<o 

o 



55 



27 



EP 0 524 595 A1 



c 

o 
m 

CM 
O 

o 

o 
T\ 

Q 

E 


O 
o 
o 

^r 

in 

CO 

II 
o 

E 


o 

o 
q 

XT 

CO 

T— 

il 

Q 

E 


► o 

o 

CVJ 

in 

in 
II 

. CL 

E 


u 

o 

O 
* 

O 

II 
Q 

E 


CI MS: (M+1)342 


FAB MS:(M+1)307.9 


o 

o 

CO 
CO 

'O- 

CO 

11 

CL 

E 


c 

o 

CO 

CSJ 

CJ 
CVJ 

T\ 

a 
E 


u 

o 

9 

CO 

II 

. Q 

E 


o 
o 

CD 

in 

y— 
II 

cx 
E 


o 

o 

CM 

o 
o 

E 


o 

o 

CO 
O 

CD 
II 

ZL 

E 


CO 

aS 

CO 


cn 
x" 

CO 


a: 

CO 


c 
S 

1 1 

CO 


CO 

x" 

CO 


X 


CO 
CO 


CO 

ai 

CO 


CO 

(0 
CO 


X 
co" 

CO 


X 

ui 

CO 


X 

x" 

CO 


CO 

CO* 
CO 


1 

It 
X 

o 

1 

o 

a> 

1 

Q. 


1 

X 

O 

o 


• 

X 

o 

o 

6. 


1 

X 

lO 

O 
O 

CL 


« 

X 

o 
6 

0) 

• 

Q 


o 

<B 

« 

^- ^ 

CM O 


X 

o 
o 

CD 

« 

a 


X 

CO 

o 

f 

o 

o 

t 


1 

X 

to 

o 

1 

o 

(D 


X 

O 

o 

(D 


« 

X 

CD 

o 

1 

o 

a> 


X 

CD 

O 
1 

o 

(D 

1 


X 

CD 

o 

1 

o 

t 


1 

«n 

I 
<o 

O 


i 

*n 
X 

(O 

O 


1 

in 
X 

<o 
O 


f 

X 

CD 

o 


• 

X 

(0 

o 


to 
X 

o 


o X 

o a 


« 

CO X 

o o 


1 

in 
X 

iO 

O 


t 

m 
X 

(D 
O 


^ if 


fx' 


^ CD 


( 

X 
O 


• 

X 
O 


(>i 
X 

X 

o 


• 

X 

;d 

o 


X 
f ^ 

n 

X 

o 


X 

o 

CO 

X 

o 


CM 

X 

o 

CO 

X 

o 


CM 

X 

o 

o 
X 

o 


CO 

X 

O 


CO 

X 

O 


CM 

X 

o 

CO 

X 

o 


I 

CM 

X 

o 

CO 

X 

o 


CM 

X 

o 

CO 

X 

o 


CM 

X 

o 

n 
X 

o 


CVi 

X 

o 

n 
X 

o 


X 


X 
«n 
O 

o 


X 


X 


X 


X 


X 


X 


X 


X 


X 






m 
< 


O 
< 


Q 
< 


LU 
< 


UL 

< 


< 


X 

< 


< 




< 


< 



28 



EP 0 524 595 A1 



o 
o 

to 
It 

CL 

E 


o 

o 

00 

in 

CO 

in 

M 

CL 

E 


(S 
«5 

03 

"i 

o 

o ?° 
y c 

C 

<«<—«:) 

ro ^ 

E ri cri 

• M 11 

• 2 2 


cis 


c 
« 


O 


ID 

X 
CO 

o 


X 

CO 

O 

6 


X 

<o 
o 

6 

0) 


U 

^ o 


i j 




X 


CVJ 

X 

O 

CO 

X 
O 


X 


eg 
en 
X 

o 


»n 
X 
<o 
O 


eg 
X 
o 

O 


1CJ 


o 


o 



29 



EP 0 524 595 A1 




,0CH3 



Ph(CH2)3 




OCH3 



STEP t: Add 39.lmL (1 17.2 mmol) of ethyl magnesium bromide to a 0*C solution of 3l.00g (97.6 mmol) 
of (-h10(diisopropylsulfonamidohisoborneol (See Oppolzer. et al, Tet. Lett, 25 (1984). p. 5885) in 370mL 
dry THF, Stir the mixture for 0.5h at 0*C. then at room temperature for 0.5h. Add 37.74mL (39.67g. 
1l7.2mmol) of 5-phenyivaleric acid anhydride to this mixture at 0*C and stir overnight at room 
temperature. Pour the mixture into 1 (iter of halt-saturated NaHCOa and extract with two-800mL portions 
of hexane. Dry the combined hexane layers with NasSO* and concentrate in vacuo. Chromatograph the 
residue (57.35g) in three portions over -800g SiO? eluting with 2% ethyl acetate-CHaCb to obtain the 
desired ester (42.07g. 90.2%). FAB MS : (M + 1) 479. 

STEP 2: Using a procedure similar to Example 1 . treat the ester of Step 1 , washing the ether layer with 
200mL 1N aqueous HCI, drying with MgSOi and concentrating in vacuo. Chromatograph the residue 
over 1kg SiOa, eluting with 20% ethyl acetate-hexane to give 24.1 9g (79%) of the recovered alcohol and 
25.66 (66%) of tho title cnantiomorically onrichod ^-lactam. This lactam can bo further enriched by 
chromatography over a Chiralcel™ 00 column (Oaicel Chemical Industries. Ltd.. Fort Lee. NJ). eluting 
with 10% isopropanol-hexanes. Crystallize the resulting enantiomerically pure (3S.4S} compound from 
ether-hexane to obtain a white solid, mp = 84 - 85* C, [ag^ =-98.0" (MeOH). 

Using a similar procedure, the following enantiomerically pure (3R.4R) compound (EXAMPLE 2A) can 
also be prepared: 



Freshly prepare a solution of lithium isopropylcyciohexyl amide (UCA) by dissolving 0.68mL (0.58g. 
4.llmmol) isopropylcyciohexyl amine in 20mL THF at -78'C under nitrogen. Add 2.58mL (4.03mmol) n- 




(m.p. = 84-85 -C: FAB MS: (M + 1) 402.2; [a]? = +98.0- (MeOH)). 



EXAMPIF3 
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butyl lithium (1 6M. from Aldrtch. Milwaukoo. Wl) and stir at -78 'C tor lh. Add 1 04g (2.6lmmol) of tne 
compound ot Example IK tn 5mL dry THF to the solution After 2h al -78' C. add 2 HmL (2 89g. 16mmol) of 
hexamothylphosphoric triamide followed by 0 33mL (64)mg 4 1 fmmol} of othyl iodide at -78 'C. Stir the 
mixture overnight at room temperature Quench the reaction with 40mL IN aqueous HCl and extract w,th 
two-50mL portions of CH: Cl, Combme the CH,Clr layers and wash sequent.alty with 50mL IN aqueous 
HCi and 50mL Na^SOi Dry over MgS04 and concentrate in vacuo Chromatograph the residue over 40g 
S.O,, eiuting with 20% ethyl acetate-hSKane to give 0.95g (83%) of the titlo compound as a colorless oil 
FAB MS {M -H) 426 4 

Using a similar prorednre. the fnilowmg rompotinds shown «n Tahles 5 and SAran also hr pteparp.- 
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EXAMPLE 4 




OCH3 

Add lOOmg (0.30mmol) of the trans tf-lactam of Example IV in 2mL dry THF to a solution of 1 22mL 
J5 (0 3Pmnnol) LDA (1.5M. fronn Aldrich. Milwaukee. Wl) m 0 5nr»L dry THF at -78 'C under nitrogen Stir for 
5min at -78 'C. then quench at tow temperature with ~0.3mL acetic acid Partition the mixture between 
30mL ethyl acetate and 20mL water. Wash the organic layer with 20 mL 10% aqueous NaHCO; solution, 
dry over MgS04 and concentrate in vacuo to give 98mg of an oily white solid Chromatograph the residue 
over SiO: , eluting with 20% ethyl acetate-hexane to obtain 26 mg of the title cis ^-lactam as a white solid. 
20 mp = 141 3 - 142.3* C. 



EXAMPLE {? 



30 




35 Dissolve 32 05g (79 8mmol) of the racemic cis ^-lactam of Example 1 m 500mL of THF Add 1 79g 
(le Ommol) of potassium f-butoxide and stir at 0*C for 1.5h. Partition the reaction mixture between 600mL 
1 N aqueous HCI and 1 .2liters of ether. Extract the aqueous layer with 400mL of ether. Combine the ether 
layers, dry over MgSO* and concentrate in vacuo to give 32.0g of a mixture of cis and trans <9 -lactams 
<2 7 1) Isolate the pure trans /9-lactam via silica gel HPLC chromatography, etuting wfth 10% ethyl acetate- 

40 hexane. Crystallize from ethyl acetate-hexane to give white crystals, mp = 96 0 - 97.5' 

Ubiny a prcx;edure similar lo Ifial of Example 5, the fulluwuiy compounds shown m Tables 6 and 6A can 
be prepared: 
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FXAMPLE 6 



Ph(CH2)3^' 



OCH3 

Dissolve 200mg (0.47mmol) of the ^-lactam of Example 3G in 4mL EtOAc and add -lOmg 10% Pd/C. 
Hydrogenate at latm for 4h. Filter the mixture through Celite and concentrate. Chromatograph the residue 
over 40g Si02, eluting with 20% EtOAc-hexane to obtain 188mg (94%) of the title ^-lactam as a colorless 
oil. Ct f^S : (Mi-I) 428.1. 



EXAMPLE 7 




30 To a refluxing solution of 4.33 grams (.0205 moles) N-(4-methoxyben2ylldine)-anillne and 7.6 grams 
(0.0410 moles) tributyiamine in 40 mL heptane add.in portions, a solution of 4.03 grams (0.0205 moles) 5- 
phenylvaieroyl chloride in 15 mL heptane over about 2 hours, then reflux the solution for an additional 4 
hours. Evaporate the solvent and take up the residue in 150 mL ElOAc. Wash witti IN HCI (2 x 30 mL). 
saturated NaHCOa (1 x 30 mL) and brine (1 x 30 mL), then dry over MgSO* and evaporate to give 7.69 

35 grams of a semisolid. Recrystallization from 15% EtOAc in hexane to obtain 3.08 grams of the title 
compound, mp 75-76 'C. An additionai 2.31 g is obtained from the mother liquors by chromatography (silica 
gel, 5% ethyl acetate in hexane) and recrystallization. 

Using a procedure similar to that of Example 7. the following compounds shown in Tables 7 and 7Acan 
be prepared: 

40 



45 



50 



S5 



40 



EP 0 524 595 A1 



<- 
CC- 



Data 


in 
II 

Q. 

E 


•» l( 

s; ^* X 

i ' 

5 o" " 

s ^ ^ 

^ oi 

b r*. c 

• II 3 , 

• O o Z 


O 
o 

CO 

cn 

O) 
Q- 

E 


a 

o 
CD 

II 

Q 

E 


*5 II 

^■ 

c 1? ^ 
« X <^ 

C ID 03 

? cn -O ^ 

t r~ C frj 

■ « i( 5 II 
c U ^ 2 


CC 


o 


X 

o 
o 

CO 




X 

CC 

6 


V 


Relative 
Stereo- 
chemistry 


in 
c 

CO 


CO 

c 


c 

(0 
w 


CO 

c 

OJ 


V) 

c 


< 


■V 
X 

O 

6 

CO 

X 

o 


X 

o 
6 

X 

o 


X 

o 
o 

X 

o 


X 

to 
O 

o 

X 

o 


X 

o 
o 

r> 
X 

o 


CC 


X 


X 


X 


X 


X 


Q 


X 

o 

to 

X 

<o 

O 


r> 
X 

o 

X 
<o 
O 


in 
X 

o 

tn 
X 

O 


X 

o 

lf> 
X 

o 


cn 

CM 

X 

o 

in 
X 

o 


>< 
UJ 


< 


CD 


o 


Q 


LU 



41 



EP 0 524 595 A1 



5 



to 



15 



20 



2S 



30 



35 



40 



45 



50 




55 



42 



EP 0 524 595 A1 



o 

CNJ 

II 

LU 


CNJ 

o 
CO 

o 


O 
o 
m 

cri 

lO 

CD 

H 

CL 

E 


OJ 

II 

:e 

CO 
LU 


CT) 
CNJ 

CO 
LU 


EIMS (M)=431 


o 
in 

CJ) 

o 
in 

CT) 
M 

Q 

E 


u 

o 
O 

in 

cn 

CO 

II 

- Q 

E 


a 

o 
in 

cn 

in 

CD 
C7) 

II 

. Q 

E 


o 

o 

CNJ 
CO 

(Ti 
II 

E 


O 
o 
o 
in 

cf) 
II 

Q. 

E 


X 

o 
6 

CO 

X 

o 


in 
X 

O 


X 

o 
6 

cn 
X 

C3 


X 

CO 

6 

CO 

X 

O 


X 

CO 

O 

6 

n 
X 


X 

CO 

o 
6 

CO 

X 

(J 
^ 


IT 

X 

CO 

O 


X 

CO 

> CJ 

6 

CO 

X 


X 

CO 

O 


X 

(O 

O 

o 

CO 

X 
CJ 


X 

to 
O 

6 

CO 

X 
CJ 


c 

CO 


to 
c 

03 


c 

CD 


in 
C 

CO 


to 
o 


to 
c 


CO 

c 
m 


to 
c 
m 


CO 

c 


to 
c 


cn 

"o 


X 

o 

O 


X 

(3 
o 

csj 
X 
O 

o 

X 

a 


X 

to 

<N 

"To 
X 

o 


X 

8 

1 


X 

8 

V 

O: O 
1 


rj 

X 

8 

TO 
X 


X 

CO 

9 
o" 

Csi 

X 
X 

o 


■V 
X 

CO 

O 

6 

CO 

X 

CJ 


X 

CO 

o 
6 

CO 

X 

o 


O 
r> 

X ^ 

CO O 
X 

o 


X 

CO 

O 

6 

X 

o 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 

o 

X 

O 


CO 

X 
O 

u> 
X 

CO 

o 


CO 

X 

o 

ir> 
X 

O 


X 

o 

in 
X 

CO 

a 


X 

o 

in 
X 

to 
O 


CO 

X 

o 

in 
X 

(O 

O 


CO 
CSi 

X 
O 

in 
X 

U3 
O 


CNJ 

X 

o 

X 

CO 

o 
z 

CNJ 

o 


CO 

X 

o 

tn 
X 

CO 

O 


CO 
'cNJ 

X 

o 

in 
X 

CO 

O 


o 

CNJ 

X 

o 

id 
X 

CO 

O 


CO 






> 




X 


> 


M 


< 
< 


< 


UJ 

< 

1^ 



43 



EP 0 524 595 A1 



15 



2S 



40 



SO 



elemental analysis: calc'd 
C=78.17. H=6.31. N=3.51; 
found C= 78.22. H=6.36. 


FAB mass spec 
400(100) 
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EXAMPLE 9 




Stir a mixture of 981 mg (3.01 mmol) of the cis iS-iactam of Example 1AK. above, and 20mg 10% 
palladium on carbon in 10 mL ethyl acetate under latm hydrogen gas at room temperature for 24h. Filter 
the mixture through Celite and concentrate in vacuo. Chromatograph the residue over SOg SiOa. eluting with 
40% ethyl acetate-hexane to obtain 818mg (92%) of the title compound as a yellowish solid, mp = 142.0 - 
142.5 -C. 

Using a similar procedure, the following compounds shown in Tables 8 and 8A can be prepared, and 
using conventional procedures, the amino group of compound 8 A and the amino group of compound SB 
can be protected with a t-butoxycart»nyl (BOC) group to obtain compounds 8G and 8H, respectively: 
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EXAMPLE 9 



0 



OCH3 



Ph{CH2)a^^ 




OCH3 



STEP 1 Combine S-phenytvateric acid (89.9 g, 0.504 mol) and thionyl ctiionde (89 3 mL. 1 225 moD 
heat to 70* C and reflux tor 1h Vacuum distill (50 - 100 mm Hg) the excess thionyl chloride and aoa 200 
mL ot dry toluene to the resultant residue. Vacuum distill again, then add 188 mL ot dry THF to the 
crude 5-phenylvaleroyl chloride and use the resuKing solution directly in the next step. 
STEP 2: Combine 76 g (0.4289 mol) of R-( + )-4-benzyloxa20lidinone and 1 3 L of dry THF under dry 
nitrogen atmosphere Cool the resutting solution !o -78*0 and add 278 mL of a ^.6 M solution of n- 
h.utyllithium m hexane over 30-40 minutes. Stir for an addrtjonal 30 minutes, then add ttie solution of Step 
1 over a period of 45 mm. Allow the mixture to warm to 0*0 and stir for 1 h. Quench the reaction 
mixture by adding 673.6 mL of K^COa (1 M aqueous solution) and stir for 1 h. Distill off the THF under 
vacuum at 30-35 'C. Dilute the residue with 1 L of water and extract with 3x800 mL of CHjCb Combine 
the organic extracts and wash with 800 mL of water, then with 800 mL of bnne. Dry the organic extracts 
over MgSO* , filter, then concontrato in vacuo to an oil. Dissolve the oil in 200 mL of hoxanc. then distill 
off the hexane under vacuum. Repeat the hexane treatment two more times, then dissolve the oil m 17 
mL of CHjClr The resulting solution is used directly in the next step. 

STEP 3: Cool the solution of Step 2 to -5'C to O'C under dry nitrogen atmosphere. Add 129.8 mL of di- 
n-butylboron triflate. maintaining the temperature of the reaction mixture at -6*C to -3"C Following the 
addition, stir the mixture for 10 min.. then add 97.12 mL of diisopropyiethylamine, again maintaining the 
temperature at -6'C to -3"C. Following the addition, stir the mixture at O'C for 30 mm , then cool the 
mixture to -78 *C and stir for 30 min.. Add 57.4 mL of p-antsaldehyde and stir the mixture at -78 *C for 
30 mm., then at 0 ' C for 1 h. While maintaining the temperature at O'C to 5'C, quench the mixture by 
adding 688 2 mL of a pH 7 buffer solution (68g KHpPO*. 12 g NaOH and 800 mL of water), then add 473 
mL of 30% HjOs and stir the resulting mixture at O'C for 1 h. Extract the mixture with 3x600 mL 
hexane:ethyl actetate (1:1). combine the organic extracts and wash with 800 mL of saturated NaHCOa - 
(aqueous), then with QOO mL of bnne Dry the organic extracts over NaSO*. filter, and evaporate to an oil. 
Crystallize the oil from hexane/ethyl acetate (1:1) to give 176 g of the product as a white solid 
STEP 4: Combme the product of Step 3 (170 g, 0 36 Mol). 1595 mL of THF and 400 mL of water, stir the 
mixture and cool to about 3'C. Add 226 mL (2.156 Mol) of 30% H202 to the mixture over 15 min., then 
add a soluLiun of LiOH (36.2 g. 0.862 Mol) in 400 mL of water over a period o( 30 min. Stir Uie reaction 
mixture at 0 * C to 5 * C for 3 h Add a solution of 272 g of sodium sulfite in 850 mL of water over 70 min.. 
keeping \he temperature under 27 * C. Concentrate the solvent under vacuum and add 7 L of water. 
Extract with 4x1.7 L of toluene. Acidify the aqueous layers to pH 2.4 with 3 N HCI. Extract with one 2.6 L 
portion and two 1 .7 L portions of ethyl acetate. Combine the ethyl acetate extracts, wash with brine, dry 
over NaS04, filter, then evaporate to give the product as a white solid, 1 12 g 

STEP 5: Combine the product of Step 4 (19.47 g. 62 mmol). 400 mL of acetonitrile. 9.49 g {62 mmol) of 
1 -hydroxy t>en20tna20le (HOBT). 22.91 g (186 mmol) of p-anisidine and 14.05 g (68.2 mmol) of 
dicyclohexylcarbodiimlde (DCC). Stir the reaction mixture at 40 ' C for 4 h and confirm the consumption 
of starting matenal by TLC (6 4 hexane/ ethyl acetate). Concentrate the mixture to 1/3 its volume and 
partition between 300 mL of water and 300 mL of ethyl acetate. Filter ttw organic layer, then wash with 
200 mL of 1 N HCI. then with two 100 mL portions of saturated NaHCOs. and two 100 mL portions of 
brine Dry the organic layer over NaSO* and concentrate to give the product as a brown solid. 24 g. 
STEP 6: Combine the product of Step 5 (115 g. 0.2745 Mol) and 2.3 L of THF under dry nitrogen 
atmosphere and cool to -70 'C. Stir the mixture while adding a solution of 137 mL (0.551 Mol) of tri-n- 
butytphosphtne m 113 mL THF. and 163 mL (1 03 Mol) of diethylazodicarboxylate (DEAD) over 2 h. 
Allow the mjxture to warm to room temperature and stir overnight. Remove the solvent under vacuum 
Filter the residue through a plug of silica gel using CH? CI? /hexane/ ethyl acetate (70:24:6) as the eluant. 



51 



EP 0 524 595 A1 



Evaporate the solvent and purify the residue by preparative HPLC (silica gel. 15% ethyl actetate/hexane) 
to give 88 g of the {3R.4S) enantiomerically pure title compound, (ajg^ = '^9.3' (MeOH). 

Example 10 



Ph(CH2)3., 




The compound of Exanr»ple 7AU (0.686 g. 0.0012 moles) dissoh^ad in 1:1 ethanol ethyl acetate is 
hydrogenated over 0.70 grams 10% Pd on cartwn at 50 psi for 16 hours. The resulting product is 
chromatographed (silica gel. 80:20 hexane:ethyl acetate) to give 0.432 grams of the title compound mo 
160-161 'C. 

25 Using substantially tho samo proooduro tho following compound can bo prepared: 



Example 10A 



0 



.OCHa 



Elemental Analysis 
Calculated for C2SH25NO3 
C. 77.49; H. 6.50: N. 3.61 
Found: C, 77,47; H. 6.46; N, 
3.74 



Example 1 1 



45 



SO 




A flask Is charged with the compound of Example 7J (27 g. 73.6 mmole), acetone (0.6 I), water (1.3 ml. 
73 mmole). and p-toluenesulfonic acid-monohydrate (15.4 g. 81.1 mmole). The solution is stirred at 22* C 
55 for 5,5 h and the product collected by filtration (34.1 g). Recrystallization from methanol affords the title 
compound,26.0 g (79% yield), mp 200-202 'C. 
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Example 12 




To a solution of the product of Example 11 (0 60 g, 1.36 mmole), triethylamine (0 14 g, 14 mmole) m 
CH2CI2 (2 ml) was added phenylacetylchloride (0 310 g. 2.0 mmole) dropwise over 0.5 h. After 5 h the 
reaction mixture was concentrated to dryness, and the residue purified by chromatography (silica. 2 1 
hexane: ethyl acetate) to afford 0.27 g (51% yield) of the title compound, mp 217-218' C 

Using substantially the same procedure, the following compounds can be prepared: 



Example 12A 


Example 12B 


















mp 167-168*'C 


mp 192-193'='C 
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Example 12C 




OCHq 



194-195°C 



Example 12D 




OCHj 



mp 161.5-16yC 



ExamplB i:^ 



H3C-^-|-Naj 



25 




35 



To a biphasic mixture of the product of Example 11 <0.80 g. 1.8 mmole). CHjCb (15 ml) and 30% 
aqueous tetrabutylammonium hydroxide (2.38 ml, 3.64 mmole) was added p-toluenesulfonylchloride 
(0.515g. 2.7 mmole). After 2 h the reaction mixture was washed with IX 1 N HCI. 2X H2O and the organic 
layer dried over MgSOt. Concentration followed by recrystillaztion from ethyl acetate afforded 0.38 g (50% 
yield) of the title compourKi, mp 204-205*0. 

Example 14 




To a solution of the product of Example 11 (O.Bg. 1.8 mmole). methanol (20 mt) and triethylamine (0.19 
g. 1.8 mmole) was added phenylacetaldehyde (0.44 g. 3.6 mmole). After 0.25 h . NaBHaCN (0.172 g. 2,7 
mmole) and ZnCb (0.1 74g. 1.3 mmole) were added to the reaction. After 3.5 h, the reaction was quenched 
with ammonium chloride, concentrated partially in vacuo, and dissolved in CHjCb. The organic layer was 
washed 2X with water, dried and concervtrated to afford crude product. Recrystallization firom CH2a2 
afforded 0.44 g (65% yield) of the title compound, mp 138-1 39.5 'C. 

Using substantially the same procedure, the following compounds can be prepared: 
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OOh 


Example 14A 
mp 148-149°C 


Example 14B 
mp 179-180°C 


G 


Example 14C 
mp 100-IOrC 





Example 15 




Add 49 mL (49 mmol) of 1M tetrabutylammonium fluoride 49 mL. 49 mmol, 1M in THF)to a room 
temperature solution of the compound of Example IAS (S.lg. 9.8 mmol) m THF (25 mL). Allow the mixture 
to stir overnight TLC (50% EtOAc/hexanes) indicates consumption of starting matenal Transfer the reaction 
mixture to a separatory tunnel, partlon tjetween saturated ammonium chloride and ether, extract with ether. 
Combine the etheral extracts, wash with water and brine, dry over anhydrous Na2S0«. filter and concentrate 
to a residue. Chromatograph (SIO2, 30-40% EtOAc/hexane) affords 3.31 g (84%) of the title compound mp 
91-92'C. 

The following compounds can be prepared via substantialy the same procedure 
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Exampie tSA 



Ph(CH2)3 



mp 112-113**C 



CH2OH 



Exampie 15B 



Ph(CH2) 



mp l70-17rC 



Example 16 



Ph(CH2)3. 




CHO 



OCH^ 



Add Mn02 (0.64g. 7.4 mmol) to a solution of the product of Example ISA (0.20g. 0.5 mmol) in CH2CI2 - 
(50 mL) at room temperature. Allow the mixture to stir overnight. TLC (20% EtOAc/hexanes) Indicates 
consumption of starling matenal. Filter the mixture through cellte washing the fiftercake well with CH2CI2 
Concentrate the filtrate to obtain 0.1 9g (95%) of the title compound, mp 129-130 * C. 

Using substantially the same procedure, the following compound can be prepared: 



Example 16A 




CHO 



OCH^ 



mp 100-1 01 *C 
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Example 17 



o 




Aoa fT)-chluroperDefizoic acid ( I6g, .092 mmol) to a solution of the compound of Example lAU (0 31 g. 
0 74 mmol) in CH2Cb (4 mL) at room temperature Monrtor the reaction by TLC (50% EtOAc/hexanes) 
Upon consumption of starting material <-1h), add Ca(0H)2 (0 1g, 13 mmol) Stir the mixture for an additional 
lb mm f-ilter the mixture through celite washing the tiliercake wet! with CH^Cb. Concentrate the tiltrate 
onto silica gel, using enough silica gel until a free flowing powder is obtained Load the resutltng powder 
onto a chromatography column loaded with silica gel and 5% MeOhlCH2Cl- Elute with 5% MeOH/CH^Ci: to 
obtain 0.26 g of the title sutloxide (Example 17). mp 134-135' C and 0.50 g of the analogous sulfone 

Example 17A 

o 




mp 116-117°C 



Tfie fullowtny compounds can be prepared via subbtdiilially the saine procedure 
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Example 17B Example 17C 



5 



10 




mp 56-58^C mp 52-53*^0 



Example Ifl 



25 




Reflux a mixture of the compound of Example 1AW (1.72 g, 3.49 mmol), 20 mL of THF and 3N HCI (20 
mL) overnight. Monitor the reaction by TLC (50% EtOAc/hexanes). Upon consumption of starting material 
cool the mixture to room temperature, neutralize with saturated NaHCOs and extract with ethyl acetate. 
Combine the extracts, wash with water and brine, dry over anhydrous NazSO^. filter and concentrate to a 
35 solid. Recrystallize from CH2Cl2/MeOH to obtain 0.322g off the title compound, mp 190.5-1 91 .5 'C. 

Using substantially the same procedure the following compound can be prepared: 
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Example 18A 



Ph(C 



mp 189-191°C 
Example 19 



OCH3 



Ph(CH2) 




Add a solution of NaBH^CN (0.l9g, 3.0 mmol) and ZnCb (0.21g. 15 mmol) in methanol to a room 
temperature solution of the product of Example 16A (I .Og, 2.5 mmol) and morpholine (0 44 mL 5 0 mmol) 
in THF. Monitor the reaction by TLC (50% EtOAc/hexanes). Upon consumption of starting materiaJ the 
m.xture was diluted with 0,1 N NaOH (120 mL) and remove the organic solvents on a rotary evaporator 
Extract the resulting solution with ethyl acetate. Combine the extracts, wash with water and bnne, dry over 
anhydrous NaSO« . fitter and concentrate to a solid RecrystaHize from Et^O/hexanes to obtain 0 Big (69%) 
of the title compound, mp 100-101 'C. 

The following compounds can be prepared by substantially the same method: 
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Example 19A 



mp 97-98^C 



Example 19B 



Ph(CH2) 




OCH3 



mp 141'142X 



Example 19C 



Ph(CH2)3^^ 




Example 190 



0CH3 
mp 103,5-104.5*0 



HN 



mp 94-95X 




OCH2 



El MS (M) = 394 
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Example 2Q 




Heat a solution of the compound of Example lAR (1 lOg, 2.95 mmol), 15% h^O? (0 45 mL) m acetic 
acid (3 mL) to a 100 'C for 3.5h with TLC monitOfing (5% MeOH/CH-Cl?) Upon consumption of ifie 
starling compound, cool to room temperature, neutralize with sat. Na2C03 and dilute with ethyl acetate 
Filter the mixture and wash the filtrate with water and brine, dry over anhydrous Na2SOi, filter and 
concentrate to a residue. Chromatograph the residue (silica gel. 10% MeOKCH^Cb) to give the title 
compound. FAB MS (M + 1) = 389 



Example 21 




Add freshly prepared AgO (0.40 g. 1.73 mmol) to a solution of the product of Example ISA (0 46g, 1.15 
mmol} and methyl iodide (0 21 mL. 3 45 mmol)in dry OMR {5 mL) Heat the mixture to 40-45 * C with TLC 
monitoring (50% EtOAc/hexanes). Add proportional amounts of AgO and methyl Iodide until TLC indicates 
consurnpliori of starling compound. Cool to room temperature, partion between water and ethyl acetate, 
extract with ethyl acetate Combine ethyl acetate extracts, wash with water and brine, dry overanhydrous 
NaSO*. filter and concentrate to a residue. Chromatograph the residue (silica gel. 30% EtOAo'hexanes) to 
give the title compound, FAB MS (M + 1) = 416. 

The following conr^pound can be prepared by substantially the same procedure: 
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Example 21 A 



mp 84-85*C 



CHjOCHj 



OCH, 



Example ?? 



2$ 




COjH 



OCH, 



Add freshly prepared Jone*$ reagent (8 mL) dropwise to a solution of the product of Example 16 (2,78. 
6.94 mmol) in acetone (80 mL) maintaining the temperature of the reaction mixture between 15-20 'C. 
Monitor by TLC (5% MeOH/CHaCb). Upon consumption of starting compound, quench the reaction with 
methanol. Concentrate to a residue and partion the residue between CH2CI2 and water. Extract with CH2CI2, 
combine the extracts, wash with water. 10% NajSOs (aq) and brine, then dry over anhydrous NajSOi. Fitter 
and concentrate to afford 2.90g of the title compound, mp 64-65 'C, 

The following compound can be prepared by substantially the same procedure. 



45 



50 



55 
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Example 22A 




mp 158-159°C 



Example 23 



o 




Add EDCI (0 2g, 1,03 mmoL) to a room temperature solution of the product of Example 22A (0 30,0 7? 
mmol), N-methylmorpholine (0.11 mL. 0.94 mmol), morpholine (0 13 mL. 0.42mmol) and HOBT (0 12g, 0.87 
mmol) in CM2CI2 (8 mL). Stir the mixture overnight Monitor by TLC (5% MeOH/CH2Cl2). Upon consumption 
of the starting compound, diiute with CH?CI?. wash with 1M HCI. water, dry over anhydrous Na?S04. filter 
and concentrate to a residue Chromatogaph the residue (SiO?. 3% MeOH/CHjQ?) to afford 0.3g (86% 
yield) of the title compound, mp 61-62 'C. 



Example 24 




Add EDCI (0.2g, 1,03 mmoL) to a room temperature solution of the product of Example 22A (0.30,0 72 
mmol), N-methylmorpholine (0.11 mL. 0.94 mmol). ethanol (0.1 mL. 1.44 mmol) and HOBT (0.12g. 0.87 
mmol) in CH2CI2 (8 mL). Stir the m»xture overnight Monitor by TLC (5% MeOH/CH^Cb). Upon consumption 
of startng compound, dilute with CH2CI2. wash with 1M HCI, water, dry over anhydrous Na2S04, filter and 
concentrate to a residue Chromatogaph the residue (SiOp. 3% MeOH/CHjCb) to afford 0 33g (100% yield) 
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of the title compound, mp 76-77 * C. 

The following compound can be prepared by substantially the same procedure: 

Example 24A 



fO 




mp 74-75X 

20 Example 25 



25 



30 




Add methanesulfonyl chloride (0.05 mL. 0.67 mnr^oL) to a 0*C solution of the product of Example 8B 
(0.26. 0.67 mmol), pyridine(3 drops) in CH2CI2 (5 mL). Stir the mixture overr iht. Monitor by TLC (50% 
EtOAc/hexanes). Upon consumption of starting material, dilute with CH2Cli vash with 0.5M HCI. 5% 
NaHCOa, water and brine, dry over anhydrous sodium sulfate, filter and concentrate to a residue. 
40 Chromatogaph the residue (Si02. 50% EtOAc^exanes) to afford O.ISg (58% yield) of the title compound, 
FAB MS (M + 1) = 465. 

By substantially the same procedure, the following compounds can be prepared: 
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Example 25A 


Examole 2SR 


/" \ 






Nl-S- CHJ 




ft Ao 






A — N ^ 








0CH3 


0CH3 


mp 170.5-171.5°C 


mp 175-176X 



Example 25C 

0, CH3 

NH^O 
















^ CXH3 




El MS (M) « 542 





ExamnIP Pfi 




Add acetyl chloride (0.04 mL, 0.57 mmoL) to a solution of the product of Example 8C (0.20. 0.52 mmol) 
and tnethylanr»ine(0.n mL, 0.79) in CH2Cb (3 mL) at room temperature Monitor by TLC (50% 
EtOAc/hexanes) Upon consumption of starting material (-3h). dilute with CHjCI?, wash with 5% NaHCOo. 
water and brine, dry over anhydrous Na^SOi. filter and concentrate to afford 0.1 9g. (85% yield) of the title 
compound, mp 153-154 *C 
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Exampift ?7 




Reflux a suspension of the product of Example 16 (0.6g, 1.5 mmol). hydroxylamine hydrochloride (0.4g. 
4.5 mmoL), sodium acetate (0.4g 4,5 mmol), methanol (12mL) and water (5mL) overnight Monitor by TLC 
(50% EtOAc/hexanes). Upon consumption of starting matertal. evaporate to dryness, partition the residue 
between water and ethyl acetate, extract with EtOAc. combine the extracts, wash with water and brine, dry 
20 over anhydrous NaaSCU, filter and concentrate to a residue. Chromatograph the residue (silica gel. 20% 
EtOAc/hexanes) to provide the title compound, mp 98-99 * C: and Example 27A: 



25 



30 




mp 63-640 C 



35 

Example 2fl 



40 



45 




SO 

Reflux a solution of the product of Example 17 (3.2g. 7.38 mmol). CH2CI2 (15 mL) trifluoracetic 
anhydride (15 mL) for 15 min. Monitor the reaction by TLC (100% EtOAc). Upon consumption of starting 
material, distill to remove most of solvent, cool to room temperature, and evaporate to a residue. Dissolve 
the residue in 50% triethylamine/methanol solution (30 mL) stir for 15 min.. evaporate to dryness on a 
55 rotovap. Redissolve in CH2CI2. wash with NH4CI (sat.), dry over anhydrous NajSO*. filter and concentrate 
onto enough silica gel (lg SiOj/ mmol substrate) that a free flowing powder results. Load the powder onto a 
chromatography column packed with silica gel and 30 % EtOAc/hexanes. Bute with 30-60% EtOAc/hexanes 
to provide 2.65g (89%) of a residue. Recrystallize from EtjO/CHaCb to give the title compound, mp 134- 
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£xamplg 29 

SO:>NH. 



OCH, 



Dissolve the product ot Example 28 (1 81g. 4.49 mmol) in THF (25 mL) cool to O'C. Add IN NaOH 
(5 39 mL. 5.39 mmol). and a solution of aqueous ammonia (16.8 mL. 5 39 mmol), foMowed by choforox (6.7 
mL. b jy mmol) Monitor the reaction by TLC (50% EtOAc/hexane) Upon consumption of starling material, 
dilute with EtOAc, wash with water and bnne. dry over anhydrous Na2S0* and concentrate to provide the 
sulfinannine (1 88q) 

Dissolve the sutfinamme (l.88g. 4 49 mmol) m CH,Cl? (SOmL). add m-chloroperbenzoic acid (1 70g, 
9 88 mmol) Monitor the reaction by TLC (50% EtOAc'hexane) Upon consumption of starting material 
quench with solid Ca(OHb (i.78g, 24.0 mmol). stir for 20 mm., filter and concentrate onto enough oilica gel 
(1g S.O2 mmol substrate) that a free flowing powder resutts. Load the powder onto a chromatography 
column packed with silica gel and 50 % EtOAc/hexanes. Elute with 50% EtOAc/hexanes to provide 0 49g 
(24%) of the title compound, mp 174-1 76* C. 



Example 3Q 




Add BBr, (5.15 mL. 5 15 mmol, 1M in CEbCb) to a O'C solution of the compound of Example 70 
(0 768g. 2.06 mmol) m CHjCt (25 mL). Monitor the reaction by TLC (30% EtOAc) Upon consumption of 
starting material, quench with NaHCO, (sat ) and methanol, stir for 30 mm., wash with NaHCO. (sat.) and 
water, dry over anhydrous NajSO*. filler and concentrate onto enough sHica get (Ig Si02/ mmol substrate) 
such that a free flowing powder results. Load the powder onto a chromatography column packed with silica 
gel and 100% EtOAc. Elute with 100% EtOAc followed by 5% MeOH-^EtOAc to provide 0.234g (32%) of the 
title compound, CI MS (M + 1) = 359. 
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gxamole .^1 




/5 



Reflux a mixture of the product of Example 16 (0.23g, 0.6 mmol) ethylene glycol (0.2mL, 3.6 mmol), p- 
tolueno sulfonic acid and toluene (5 mL) overnight. Monitor by 1H NMR and TLC (50% EtOAc/hexanes). 
Cool to room temperature, wash with NaHCOoCsat.). water and brine, dried over anhydrous Na2S04, and 
concentrate to give 0.27o (100%) of the title compound. El MS (M) = 443. 

The following compound can be prepared by substantially the same procedure: 

Example 31 A 



25 




El MS (M) = 443 



Example 32 



0- 



OCHa 



Stir a solution of 388mg (1.00 mmol) of the compound of Example 8F. and IdOmg (1.20 mmol) 
chloramino-T Nal in 4.6 mL DMF, Add 377mg (1.2mmol) and stir for 18h at room temperature. Partition the 
55 reaction between 30 mL IN HCI and 30 mL ethyl acetate. Wash the organic layer with 10% aqueous 
NaaSOa and dry the organic solution with MgSO*. Concentrate in vacuo and chromatograph the residue 
over (silica gel. 40% ethyl acetate-hexane) to give 170mg of the title compound. CI MS (M + i) = 514. and 
41 mg of the diodo analog (Example 32A): 
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O 




OH 



OCH3 



CI MS + = 640 



Example 33 




OCHa 



OCH3 



Stir 400 mg (0.96 mmol) of the compound of Example 8E. in 25 mL acetic acid and 5mL water at 0' C 
and add 133 mg (1.92 mmol) NaN02 in 4.7 mL water. Stir for 20 min. at 0 * C add 212 mg (3.26 mmol) 
NaN3 in 9 mL water and stir for 3h while warming to room temperature Dilute with ethyl acetate and 
neutralize with NH4OH. Dry the ethyl acetate layer with MgSO* and concentrate to a residue RecrystaNize 
the residue from ether-hexanes to gjve the titled compound, mp = 80 - 84' C 



Dissolve 300 mg (0.77 mmol) of the compound of Example 8F, in 3 mL CH2Ch and add 98 uL (120 
mg, 0.80 mmol) 3-carbometfK>xypropionyl chloride and 146 uL (109 mg. 0 84 mmol) Hunig's base Stir at 
room temperature for i.5h. Add another full portion of acid chloride and Hunig's base and stir for an 
additional hour. Partition the reaction between ethyl acetate and IN HCI. Dry the ethyl acetate layer with 
MgSO* and concentrate to a residue. Chromatograh the residue (Si02, 40% ethyl acetate-he xane) and fitter 
through grade I basic alumina elutjng with 50%ethyl acetate-hexane to give 334 mg (86%) of the title 
compound, hi MS (M + ) = 501 25. 



Example 34 
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15 Benzyl bromide (0.44 g) was added to a solution of the compound of Example 15B (1.0 g) in acetone 
(15 mL) containing KjCOj (0.71 5g). The reaction was heated at reflux for 26 h. The reaction mixture was 
then poured into water and the product extracted with ethyl acetate- The crude product was recrystallized 
from ethyl acetate/hexane to give (0.908 g, 74% yield) of the desired product, mp 115-1 16* C. 
The following compounds were prepared via substantially the same procedure: 

20 

Example 35A Example 35B 




calculated for C27H29NO3: 
CI MS (M+1) = 474 C. 78.04: H. 7.03; N 3.37 

Found: C. 78.00; H. 7.02; N. 



3.55 

Example 36 



45 




The compound of Example 7AI (0.19 g) was cooled to - 20'C. To this ws added a solution of diethyl 
zinc in toluene( 4.3 mL of a 1.1 M solution) followed by diiodomethane (2.56 g). The reaction mixture was 
slowly allowed to warm to ambient ten^perature over three hours. Then the reaction mixture was wamned to 
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4b' C for 5 mm. After cooling the roaction mixture was troatod with aqueous NH4CI and product OKiracted 
with dietnyi ether The organic layer was washed with water, bnne and concentrated to a residue I ne 
re«;iduo was purified by chromatogMphy (SIO?, ethyl acetate tiex an e (3:7)) to give the title compound {0 17 
W^o /leJd). £iementa< a'lalysis 



calcuiatoo - 


C, 


78.42; 


H 


6 58. 


N. 3.39 


tound- 


C, 


78 32, 


H. 


6 48, 


N, 3 61 



Example 37 




0CH3 



step (a) 




Combine 5-phenylvalonc acid (89.9 g, 0.504 mol) and SOCI; (89.3 mL. 1 225 mol) in a 500 mL round 
bolluin ria;iK equipped with a condenser and drying tube. Heal the flask lo 70 * C and mainlaiii the reaction 
at reflux for lh. Vacuum distill (50 - 100 mm Hg) the excess SOCh and add 200 mL of dry toluene to the 
remaining mixture. Vacuum distill a second time to remove the toluene and any residual SOCI2. Add 188 
mL of dry THF to the crude acid chloride remaining m the reaction vessel and use the resulting solution 
directly in the next step. 
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Step fb) 




/5 Combine 76 g (0.4289 mol) of R-( + )-4-benzyloxa2olidinone and 1.3 L of dry THF under dry nitrogen 
atmosphere. Cool the resulting solution to -78 '0 and add 278 mL of a 1.6 M solution of n-butyllrthium in 
hexane over a period of 30-40 minutes. Stir the mixture for an additional 30 minutes following the addition. 
Add the solution of 5-phenylvaleroyl chloride from step (a) over a period of 45 minutes. Allow the mixture to 
warm to 0*C and stir for 1 h. Quench the reaction mixture by adding 673.6 mL of KaOOs (1 M aqueous 

20 solution) and stir for 1 h. Distil! off the THF under vacuum at 30-35' C. Dilute the residue with l L of water 
and extract with three 800 mL portions of CHjCfe. Combine the organic extracts and wash with 800 mL of 
water, then with 800 mL of brine. Dry the organic extracts over MgSOi. fitter, then concentrate in vacuo to 
an oil. Dissolve the oil in 200 mL of hexane, then distill off the hexane under vacuum. Repeat the hexane 
treatment two more times, then dissolve the oil in 1.7 mL of CH2CI2. The resulting solution is used directly 

2s in the next stop. 

Step (c) 

0CH3 

30 I 



35 



40 




Cool the solution of the product from step (b) to -5*C to 0*C, under dry nitrogen atmosphere. Add 
129.8 mL of di-n-butylboron triflate at a rate that maintains the temperature of the reaction mixture at -6'C 

45 to -3 • C. Following the addition, stir the mixture for 10 minutes, then add 97.12 mL of diisopropylethylamine 
at a rate that maintains the temperature of the reaction mixture at -6* 0 to -3 • C. Following the addition, stir 
the mixture at 0 for 30 minutes, ttien cool the mixture to -78* C and stir for 30 minutes. Add 57.4 mL of 
p-anisaldehydo and stir the mixture at -78*0 for 30 minutes, then at 0*C for 1 h. While maintaining the 
temperature at O'C to S'C. quench the mixture by adding 688.2 mL of a pH 7 butter solution (68 g 

50 KHjPO*. 12 g NaOH and 800 mL of water), then add 473 mL off 30% H2O2 and stir the resulting mixture at 
O'C for 1 h. Extract the mixture wth three 600 mL portions of hexanerethyl actetate (1:1). Combine the 
organic extracts and wash witii 800 mL of saturated NaHCOs (aqueous), then with 800 mL of brine. Dry the 
organic extracts over NaSO*. filter, and evaporate to an oil. Crystallize the oil from hexane/ethyl acetate 
(1 :1) to give 176 g of the product as a white solid. 

55 



72 



EP 0 524 596 A1 



Step (dl 



0CH3 




LiOH 



'OH H.O. 



OCH3 




Combine the product of step (c) (170 g. 0 36 Mol), 1595 mL of THF axid 400 mL of water, stir the 
mtxiure and cool to about 3'C. Add 226 mL {2.156 Mol) of 30% H2O2 to the mixture over 15 minutes thon 
add a solution of LiOH (36.2 g, 0 862 Mol) in 400 mL of water over a period of 30 minutes. Stir the reaction 
mixlure at 0 * C to S ' C for 3 h. Add a solution of 272 g of Na2SO-, in 8b0 mL of water over 70 minutes while 
keeping the temperature under 27 *C. Disttll oft the bulk of the solvent under vacuum and add 7 L of water 
Extract with four 17 L portions of toluene. Acidify the aqueous layers to pH 2 4 with 3 N HCI. Extract with 
one 2.6 L portion and two 1.7 L portions of ethyl acetate Combine the ethyl acetate extracts, wasfi with 
brine, dry over NaSO* . filter, then evaporate to give the product as a while soNd, 112 g 



stgp fe) 



0CH3 



0CH3 




p-anisidinc 



HO ^ 'oh DCC, HOBT, 
CH3CN 

(CM 2)3 
Ph 




CH3O 



Combine the product of step (d) (19 47 g, 62 mmol), 400 mL of acetomtrile. 9 49 g {62 mmol) of l- 
hydroxybenzotnazote (HOBT). 22.91 g (186 mmol) of p-amsidine and 14 05 g (68.2 mnnci) of dicyclohexyl- 
carbodiimide (DCC). Stir the reaction mixture at 40 'C for 4 h and confirm the consumptjon of starting 
material by TLC (6 4 hexane/ethyl acetate) Concentrate the mixture to 1/3 its volume and partition between 
300 mL of water and 300 mL of ethyl acetate Fitter the organic layer, then wash with 200 mL of 1 N HCI, 
then with two 100 mL portions of saturated NaHCOs, and two lOO mL portions of brine. Dry the organic 
layer over NaSO« and concentrate to give the product as a solid. 24 g. 
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Step ff) 



0CH3 




PCH3 



OCHg 



OCHa 



30 



Combine the product of step (e) (115 g. 0.2745 Mol) and 2.3 L of THF under dry nitrogen atmosphere 
and cool to -70 'C. Stir the mixture and simultaneously add a solution of 137 mL (0.551 Mol) of tri-n- 
butylphosphine In 113 mL THF. and 163 mL (1.03 Mol) of diethylazodicartwxylate (DEAD) over 2 h. Allow 
the mixture to warm to room tomporature and stir ovomlght Romovo the solvent under vacuum. Rlter the 
residue through a plug of silica gel using CH2Cl2/hexane/ ethyl acetate (70:24:6) as the eluant. Evaporate 
the solvent and purify the residue by preparative HPLC (silica gel. 15% ethyl actetate/hexane) to give 88 g 
(80% yield) of the /S-lactam product. 



Example 38 



45 



cx:h3 



ATia4. TMEDA Ph^ 
dichloromethane 

N (CH2)4 -Ph 

-/"A— CHO 

2)3 






^ Ph 



so 



55 



Cool a solution of 33.7 g (0.1 mol) of the product of Example 37. step (b). in 200 mL of CH2CI2 to 
-20-C. Stir the coW solution and add n mL (0.1 mol) of TICU, Stir the mixture for 10 min. at -20' C, then 
slowly add 30 mL (2 equiv.) of tetramethylethylenediamine (TMEDA) over a period of 10 min.. while keeping 
the temperature below -10*C. Stir the mixture at -15' to -10'C for 70 min., then add 24 mL (2 equiv ) of p- 
anisaldehyde. Stir at -IS* to -10*C for 1 hour, then allow the mixture to warm to 10'C while stirring for 40 
min. Quench the reaction by adding 600 mL of 10% aqueous tartaric add. then add 600 mL of ethyl 
acetate. Agitate well, then separate the layers, extracting the aqueous layer with another 200 mL of ethyl 
acetate. Combine the organic extracts and wash successively with water, saturated NaHCCb (aqueous) and 
brine. Dry the organic solution over anhydrous NaSO*. filter, then concentrate to a residue. Crystallize the 
residue from a mixture of 100 mL of ethyl acetate + 210 mL of hexane to give 36.8 g of the desired 
compound, which can be used in step (d) of Example 37. 
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0CH5 




0CH3 0CH3 



Dissolve 500 g (0 85 mol) of the product of Exampie 37. step(e). in 1700 mL of CH2CI2. then add 40 g 
02 mmoi) of tefa-n-butylammonium hydrogen sulfate. Stir the mixture while cooling to 10* to 20* C and 
add 50% aqueous NaOH (200 g) Slowly add 60 g <285 mmoi) of 2.6-dtchlorobenzoyl chloride to the stirred 
mixture over a penod of 30 mm. Ck)ntinue stirring at 15* to 20'C for 3 h., then pour the mixture into 2000 
nnL of cold water. Separate the layers and wash tfie organic layer with water until neutral pH is attained. 
Distill the methylene chloride solution to reduce the volume to 800 mL. Heat the solution to reflux and add 
800 mL of heptane Cool the hot solution to 0*C to crystaliize. Collect the product by filtration to give 116 g 
of the dichiorobenzoate product. 
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OCH3 



Combine 500 g (0.85 mol) of the product of step (a) with 250 g (1.1 mol) of benzyltriethylammonium 
chloride. 2000 mL of CH2CI2 and 8000 mL of methyl t-butyl ether. Stir the mixture while cooling to 15" to 

^5 20' C. then add 1000 mL of 50% aqueous NaOH ovor a period of 10 min. Stir the mixture for 4 h.. then 
pour into 5000 mL of water and 4 kg of ice. Separate the layers and wash the organic layer with water until 
the pH is neutral. Distill the solvent to reduce the volume to 2000 mL. then filter. Evaporate the filtrate to a 
residue and purify the residue by chromatography on silica gel to obtain the crude product, Crysteilize the 
product from 6 volumes of a 1:2 mixture of methyl t-butyl ether and heptane at O'C to give the product 

30 (240 g). 
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Example 40 




Dissolve 3.23 g (10 mmol) of the product of Example 37. step (b). in 50 mL of CH?Cl?. then stir under 
nitrogen atmosphere while cooling to -20 'C Add 10 mL (10 mmol) of a 1M solution of TiCU in CH?Cb. stir 
the mixture for 5 mm . then add 1.5 mL (10 mmol) of TMEDA. Stir the mixture at -25' to -20 ' C for 1 h.. 
then slowly aod 4 8 g C^O mmol) of the Schitt's base denved from anisaldehyde and p-anisidine as a 
solution in 50 mL of CH2CI2 over a period of 30 mm. Stir the mixture at -20* C for 30 min. then gradually 
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warm to O'C. The reaction is monitored by HPLC {Zorbax* Sll column. 1:4 ethyl acetate/hexane). while 
stirring at O'C. until complete. Quench the mixture by pouring into 50 mL of 10% aqueous tartaric actd. 
Extract with ethyl acetate, then wash the organic extract successively with saturated NaHCOs (aqueous) and 
brine. Dry the organic solution over anhydrous Na2S04. filler, then concentrate to give Vt\e crude product. 
Crystallize from ethyl acetate/hexane to give the purified product. 



Step (b): 




OCHa 



THF 



0CH3 



.TMS 



TMS 




^OCHa 



OCH3 



50 



A solution of 0.505 g (0.89 mmol) of the product of step (a) in 25 mL of CHjCb is stirred at 0* C. then 
treated with 1.77 mL (1,77 mmol) of a 1M solution of sodium bistrimethylsilylamide in THF. Stir the mixture 
while warming to room temperature, then continue stirring until the starting material is gone as determined 
by HPLC (typically 1 to 1 1/2 h.) Quench the mixture into 10% tartaric add (aqueous). Wash the organic 
layer successively with saturated fteHCOs (aqueous) and brine, then dry over anhydrous NajSO*. Filter and 
concentrate to give the title compound. 

The following formulations exemplify some of the dosage forms of this Invention, in each the term 
"active compound" designates a compound of formula I or II. preferably (3a4S)-1.4-bis-(4-methoxyphenyl)- 
3-(3-phenylpropyl)-2-azetidinone. However, this compound may be replaced by an equally effective amount 
of other compounds of formula I or II. 



ss 



EXAMPLE A 
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Tabiofs 



No 


Ingredient 


mg,"t ablet 


mgiablot 


1 


Active Compound 


100 


500 


2 


Lactose USP 


122 


1 13 


3 


Corn Starch, Food Grade, as a 10% pasto in Punfiod Water 


30 


40 


4 


Corn Starch. Food Grade 


45 


40 


5 


Magnosium Stoarate 


3 






Total 


300 


700 



Method ot Manufacture 



Mix Mem Nos 1 and 2 tn suitable mixer for 10-15 minutes Granulate the mixture wtth Mem No. 3 Mill 
the damp granules through a coarse screen (e.g.. 1/4". 0.63 cm) if necessary Dry the damp granules 
Screen the dried granules if necessary and mix with Hem No. 4 and mix lor 10-15 minutes. Add Item No 5 
and mix for 1-3 minutes. Compress the mixture to appropriate size and weight on a suitable tablet machine 

EXAMPLE B 



Capsules 


No. 


Ingrodiont 


mg,lablct 


mg/tablct 


1 


Active Compound 


100 


500 


2 


Lactose USP 


106 


123 


3 


Corn Starch. Food Grade 


40 


70 


4 


Magnesium Stearate NF 


4 


7 




Total 


250 


70"0 



Method of Manufacture 

Mix Item Nos. 1. 2 and 3 In a suitabte blender for 10-15 minutes. Add Item No. 4 and mix for 1-3 
minutes. Fill the mixture into suitable two-piece hard gelatin capsules on a suitable encapsulating machine. 

Using the test procedures described above, the following m vitro and in vivo data were obtained for the 
preferred compounds, which are referred to in the following table by the con^pondmg example numbers 
For the i n vitro ACAT data, negative percent inhibition denotes apparent stimulation, while positive numbers 
denote inhibition. For in vivo results, data is reported as percent change versus control, therefore, 
negative numbers indicate a positive lipid-lowering effect. 
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ACAT (in vitro) 


1 % Reduction (in vivo) 


Ex. 


IC50 


% 


Cone. 


Serum 


Cholest. 


Dose 




(mM) 


Inhib. 


(mM) 


Cholest. 


Esters 


mg/kg 


1 




38 


10 


-45 


-95 


50 










-17 


-55 


10 










0 


0 


5 


1A 


7.5 


83 


25 


-10 


-26 


1 00 


IB 




28 


10 


0 


0 


50 


1C 




22 


10 


-6 


-15 


50 


ID 




39 


10 


0 


0 


50 


IE 




3 . 


10 








1F 


... 


61 


10 


0 


20 


50 


1G 


... 


21 


10 


-1 1 


0 


50 


1H 




57 


10 


-21 


-51 


50 


11 


4.5 


81 


10 


... 






1J 


3.0 


86 


10 








IK 




•70 


10 


0 


0 


50 


1L 




20 


10 


-31 


-75 


50 










-22 


•34 


10 










•25 


•30 


5 


1M 


7.0 


80 


10 


-1 1 


•31 


25 


IP 




39 


10 


•19 


-54 


50 


IS 




-19 


10 


0 


-32 


85 


IT 




-1 1 


10 


0 


0 


50 


1U 


19 


58 


10 


0 


0 


50 


IV 




64 


10 








1W 




9 


10 








1X 




9 


10 


•12 


0 


50 


1Y 




50 


10 








1Z 




-15 


10 


-15 


•39 


50 


1AA 




-36 


10 








1AB 




17 
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Claims 



1. A compound having the structural formula 




wherein 

A is -CH = CH-B: 
-OC-B; 

•(CH2)p-X-B. wherein p is 0. 1 or 2 and X is a bond. -NH-or -5(0)0-2-: 
heteroaryl. benzofused heteroaryl. W-substituted heteroaryl or W-substituted benzofused 
heteroaryl. wherein heteroaryl is selected from the group consisting of pynulyl. pyridinyl. pyrimidinyl. 
pyrazinyl. triazinyl. imidazoJyl, thiazolyl. pyrazolyl. thienyl. oxazolyl and furanyl. and for nitrogen^ 
containing heteroaryls. tt>e N-oxides thereof, and wherein W is 1-3 substituents on the ring carbon 
atoms selected from the group consisting of lower alkyf. hydroxy lower alkyl. lower alkoxy. alkoxyalkyl. 
alkoxyalkoxy. aikoxycarbonylalkoxy. (lower alkoxyimino)tower alkyl. lower alkanedioyl. lower alkyl lower 
alkanedioyl. allyloxy, -CF,. -OCFj. benzyl. R,*-ben2yl. banzyloxy. Rt4-ben2yloxy. phenoxy. R,*- 
phenoxy. dioxolanyl. NOj. -NR,oRii. NR,oRi i (lower alkyl)-. NR,oRm (lower alkoxy)-. OH. haiogeno 
-NHC(0)0R5. -NHC(0)Rs. R602SNH-, (R^OsShN-. -S(0)2NH2, -S(0)o.2Rto. tert^)utyldimethylsilylox- 
y methyl, -C(0)Ri2 and 



/ — S 

• CHj- N R,3 



and wherein the substituents on the substituted heteroaryl ring nitrogen atoms, when present, are 
selected from the group consisting of kjwer alkyl. lower alkoxy. •C(0)0R5, -C(0)Rs, OH. NRtoRuOower 
alkyl)-. NRioRii (tower alkoxy)-. -S(0)2NH2 and 2-(trimethylsilyl)ethoxymethyl: 
-C(0)-B: or 



■(CH2}k-N R,3 



wherein k is 1 or 2; 
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D IS B'-(CH7)r.C(0)-. wherein m is 1. 2. 3 4 or 5. 
B'-(CH:)q-. wheretn q is 2. 3, 4, 5 or 6 
B'-(CHr)©-Z-(CH:),-. wherem Z is -0-. -C{0)-. Dhenylene -NR«- or -S(0)--:-, o is 0 l. 2. 3 4 or 5 

afiO ■ IS 1. 2. 3 4 01 5, proviOed that the sum ot e and r 1 . 2 3. 4. Ij c G. 
B'-(C?-Ct. alkenyleny )-, B'-(C*-Cfe alkadienylene)-, 

B'-{CH: ),-Z-(C.-»-Ct aiKenylene)-. wherein Z is as defined aDove, ano wherein t is 0, l, 2 3. 
proviood that the sum of t and the numoer ot carbon atoms m the alkenylono chain is 2. 3. 4. 5 or 6. 

B'-(CHj)rV-(CH:}y-. wherein V is Ca-C* cycloalkylene. f is 1 . 2, 3. 4 or 5 and g is 0. 1 . 2 3. 4 or 5. 
prnvided that ths sum of f and g is 1 2, 3. 4, 5 or 6; 

B'-(CHj>),-\/-(C?-Ct alkenylene)- or B'-<C2-Ct alkenylene)-V-(CHT ),-, wherem V and t are as defined 
above, provided that the sum of t and the number of carbon atoms m the alkenylene chain is 2, 3, 4 5 
or 6; 

B'-(CH-),-Z-(CH2)b-V-(CH2)d-, wherein Z and V are as defined above and a ,b and d are 
independently 0. 1.2. 3. 4. 5 or 6, provided that the sum of a, band d is 0. 1,2. 3. 4. 5 or 6; 
'''-<CH2),-, wherein T is cycloalkyi of 3-6 cartx>n atoms and s is 1. 2. 3. 4. 5 or 6: or 
naphthylmethyl. heteroarylmethyl, or W- substituted heteroarylmethyl. wherem heteroaryl and W are 
as defined above, 
B is 




B' IS naphthyl. heteroaryl or W-substrtuted heteroaryl. wherein heteroaryl ts as defined above, or 




R is hydrogen, fluoro. Ci-Cis alkyl. Ci-Cis alkenyl. C1-C15 alkynyl. or B-(CH2)h-. wherein h is 0. 1. 

2, or 3; 

Ri . R2 and Ra are irtdependentiy selected from the group consisting of H. lower alkyl. hydroxy 
lower alkyl. lower alkoxy. alkoKyalkyl. alkoxyalkoxy. atkoxycart)onytatkoxy, (lower alkoxyiminoHower 
alkyl. lower alkanedioyl. lower alkyl lower alkanedioyi, allyloxy. -CF3, -OCF3. benzyl. Rm -benzyl, 
btin/yloxy. Ri 4-befuyioxy. phenoxy. Rw-pfienoxy dioxolanyl. NOj. -NRioRii. NR10R1 1 (lower alkyl)-. 
NR10R1 Slower alkoxy>-. OH. o-halogeno. m-halogeno. -NHC(0)ORs. -NHC(0)R5, R4O2SNH-, (R6O2S)- 
7N-, -S(OhNH?. -S(0)o-?Rio. tert-butyldimethylsilytoxymothyl. -C(0)R'2. 

/—\ 



and 




or Ri IS hydrogen and R2 and R3. together with adjacent carbon atoms to which they are attached, 
form a dioxolanyl nng; 

Ri'. Rz and R3 are independently selected from the group consisting of H, lower alkyl. hydroxy 
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lower alky I. lower alkoxy, aJkoxyalkyl. alkoxyalkoxy. alkoxycarbonylalkoxy, (lower alkoxyiminol-lower 
alkyl. lower alkanedioyl, tower alkyi alkanedioyl. allyloxy. -CF3. -OCF3. benzyl, R, 4 -benzyl, benzyloxy. 
Ri4-ben2yloxy. phenoxy, Ri*-phenoxy. dioxolanyl, NO2. -NRioRn. NR10R11 (lower alky!)-. NRioRn- 
(lower alkoxy)-. OH, halogeno. -NHC(0)ORs. -NHC(0)R5. ReOrSNH-, (RtOjSfeN-. -S(0)2NH2. -S<0)- 
0 -2 Rt 0 . lert-butyldimethylsilyloxymothyl, -C(0)Ri 2 , 

-CH2-N R,3 



and 




Of R, is hydrogen and Ra and R3 . together with adjacent carbon atoms to which they are attached, 
form a dioxolanyl ring; 
R4 is 




wherein n is 0, 1, 2 or 3, indanyl, benzofuranyl, benzodioxolyl, tetrahydronaphthyl, pyridyl. pyrazinyl, 
pyrimldinyl or quinolyt: 

Rs is lower alkyl, phenyl, Ru-phenyl, benzyl or Ri4-benzyl; 

Rt is OH, lower aJkyI, phenyl, benzyl, Ri* -phenyl or Ri 4 -benzyl; 

R7 is lower alkyl. lower alkoxy. OH, halogeno. -NRiqRh. -NHC(0)0R5. -NHC(0)Rs, NO2. -CN. -N3. 
•SH. -S(0)o-2-(low©r alkyl). -COOR9. -CONR,oRii. -C0Ri2, phenoxy, benzyloxy. -OCF3, or tert- 
butyldimethylsilyloxy. and where n is 2 or 3. the R? groups can be the same or different; 

Ra is H, lower alkyl. phenyl lower alkyl, or -C{0)R3 ; 

Rs is H. tower aikyl. phenyl or phenyl lower alkyl; 

Rto and Rn are independently selected from H and lower alkyl; 

Rt2 is H. OH, alkoxy. phenoxy. benzyloxy. 




-NR10R11, tower alkyl, phenyl or Ri ♦-phenyl; 

Ri 3 is -0-, -CHa-. -NH- or .N(lower alkyl)-; and 

Rii is 1-3 groups independently selected from the group consisting of lower alkyl. lower alkoxy, 
-GOOH. N02, -NR10R11 . OH or halogeno; 
or a pharmaceutlcally acceptable salt thereof. 

A compound of claim 1 wherein H is hydrogen. 

A compound of claim 1 or 2 wherein D is B'-(CH2)q-. B'-(CH2)e-Z-<CH2)r-, B'-(C2-Cs alkenylene>- or B'- 
(CH2)t-V-(CH2)g-, wherein B'. Z, V, q. e. r. f. and g are as defined in claim 1. 

A compound of claim 3 wherein D is B*-<CH2)q- wherein 8* is phenyl and q is 3 or 4; B'-{CH2)e-Z- 
(CH2),- wherein B* is p-fluorophenyl or p-methoxyphenyl. e is zero, Z is -0-, and r is 2; B'-<C2- 
Ccalkenylene)- is 3-phenyl-l-propenyl; or B'-(CH2)rV-(CH2)g- wherein B* is phenyl, f is 1. V is 
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cyclopropylene and g is zoro 

5. A ccnnpound ot claim 1 2. 3 or 4 wherem A is -(CH;)p-X-B wnerein wneroin X, B and p are as defined 

■ r ::airr 1 

6. A compcunc of claim 5 wnerem p is zero and X is a bond 

7. A compound o( clairTi 6 wherein R, . R- and Rj ate selected from the group consisting of H. OH. lower 
alknxy. Nf\ alknvyalkoxy, m-haiogenn lower alkyi lower alkandioyl. NR,oR. (lower alknxy)-. «Myloyy. 
Dhenoxy alkoxycarbonylalkoxy and -C{0)Ri2 

8. A compound of claim 1. 2. 3. 4. 5 or 6 wherein R* Is phenyl. R? -substituted phenyl or indanyl 

9. A compound of claim 8 wherein R? is selected from the group consisting of lower alkyl. lower alkoxy, 
halogenc. -OCF3. lower alkylthio. -NRioR, , , -CN, OH. and -COR12 

10. A pharmaceutical composition comprising a cholesterol-lowering effective amount of a compound 
having the structure 



R22 
I 

F 



^3 



R20 IS phenyl, W-substitutod phenyl, naphthyl. W-substituted naphthyl. benzodioxolyl. heteroaryl. 
W-substiluted heteroaryl, benzofused heteroaryl and W-substKuted benzofused heteroaryl, wherein 
heteroaryl is selected from the group consisting of pyrrolyl, pyridinyl, pynmidmyl, pyrazinyl. triazinyl. 
imidazolyl. thiazolyi. pyrazolyl, thienyl. oxazolyl and furanyl, and for nitrogen-containing heteroaryis. the 
N-oxides thereof, 

R2! , R22 and R23 are independently selected from H or R20; 

W IS 1 to 3 substrtuents independently selected from the group consisting of lower alkyl, hydroxy 
lower alkyl. tower alkoxy. alkoxyalkyl. alkoxyalkoxy. alkoxycarbonylalkoxy. (lower alkoxyimmo)-lower 
alkyl. lower alkanedioyl. lower alkyl lower alkanedioyl. allyloxy. -CFs , -OCF3, benzyl, RM-tsenzyl. 
benzyloxy, R- 4 -benzyloxy , phenoxy, Ri«-phenoxy, dioxolanyl, NO2, -NR10R11. NR10R11 (lower alkyl)-, 
NR,oRi (luwer alkoxy)-. OH. halogeiKJ. -NHC(0)0R5. -NHC(0)R5. FUOzSNH-, (R602S)2N-. -S(0)2NH2, 
-S(0)o-2R 0, tert-butyldimethylsilyloxymethyl. -C(0)Ri2. 



• CH2- N R13 



and 




E. F and G are independently a bond; C^ U cycloalkylene; C, -Co alkylene: C,-C c alkenylene; 
C1-C10 alkynylene; an alkylene, alkenylene or alkynylene chain as defined substrtuled by one or more 
substituents independently selected from the group consisting of phenyl. W-substituted phenyl. 
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heteroaryl and W-substituted heteroaryl. wherein heteroaryl is as defined above; an alkylene. a(- 
kenylene or alkynyiene chain as defined inten-upted by one or more groups independently selected 
from the group consisting of -0-. -S-. -SO-. -SO2-. -NRg. -C(0)-. C3-C« cycloalkylene, phenylene. W- 
substituted phenylene. heteroaryJene and W-substituted heteroarylene; or an interrupted alkylene, 
alkenylene or alkynyiene chain as defined substituted by one or more substituents independently 
selected from the group consisting of phenyl. W-substituted phenyl, heteroaryl and W-substituted 
heteroaryl: or one of R21-E and R22-F is selected from the group consisting of halogeno. OH. lower 
alkoxy . -0C(0)R5 . -NRi 0 Rm . -SH or -S(lower alkyi); 

Rs IS lower alkyl. phenyl. Rm -phenyl, benzyl or Rm -benzyl; 

Rt is OH. lower alkyl, phenyl, benzyl. Ri4-phenyl or Rii-benzyl; 

Ra is H. lower alkyl, phenyl lower alkyl or -C{0)R3; 

R9 is H. lower alkyl. phenyl or phenyl lower alkyl; 

Rio and Ri 1 are independently selected from H and lower alkyl; 

R12 is H. OH. alkoxy, phenoxy, benzyloxy. 




•NRioRn , lower alkyl. phenyl or Ri* -phenyl; 
Ri3 is -O-. -CH2-. -NH- or -N(lower alkyl)-; 

Ri4 is 1-3 groups independently selected from the group consisting of lower alkyl. lower alkoxy. 
-COOH. NO2. -NR10R1 1 . OH or halogeno; 

provided that when G is a bond. Rjs is not H. and provided that when R23 is W-substitutod phenyl. 
W is not p-halogeno; 

or a pharmaceuticalty acceptable salt thereof: 

in a pharmaceuticaHy acceptable carrier. 

11. A compound of claim 1 selected from those prepared in examples 1 . 1A-1M. IP. 1AM-1AZ. 1BA-1BZ. 
1CA-1CI. ICM-ICO, 3.3A.30. 5, 5B-5M. 50-5Z, 5AA-5AB. 7.7A.7I. 7M-7Z. 7AA, 7AB, 7AE, 7AI.7AK 
7AM-7AU, 8B-8F and 8H. 

12. A compound of claim 1 or 1 1 selected from those listed in Table 1. 

13. A compound of claim 1, II or 12 which is (3R.4S)-1.4-bis-(4-methoxyphenyl)-3-(3-phenylpropyl)-2- 
azetidinone. 

14. A composition of claim 10 wherein the compound administered is selected from those prepared in 
examples 1-40.. 

15. The use of a compound of claim 1 for the manufacture of a medicament for lowering serum cholesterol. 

16. The use of a compound of claim 1 for ttie manufacture of a medicament for inhibiting the enzyme acyl 
CoA:cholesterol acyl transferase. 

17. A process for the preparation of a pharmaceutical composition as claimed in claim 10 which comprises 
admixing a compound as defined in claim 10 with a pharmaceuticaHy acceptable carrier. 

ia A method of lowering serum cholesterol levels in a mammal in need of such treatment comprising 
administering an effective amount of a composition of claim 10. 

19. A method of Inhibiting the enzyme acyl CoAcholesteroI acyl transferase by administering an effective 
amount of a composition of claim 10 to a mammal in need of such treatment 

2a A process for producing a compound of claim 1. wherein R is H. and D and A have trans relative 
stereochemistry, comprising cyclizing a hydroxyamide of the formula 



92 



EP 0 524 596 A1 




or 




wherein D, A and R* are as defined in claim 1. by treating with; 

(I) a dialkylazodicart)Oxylate and a trialkylphosphme; or 

(II) a di- or tn-chlorobenzoyl chloride, an aqueous base and a phase transter catalyst, then treating 
the resulting di-or tri-chlorobenzoate wrth an aqueous base and a phase transfer catalyst, or 

Oii) a dialkylchforophosphate. an aqueous base and a phase transfer catalyst; or 
(iv) a d(- or tn-chlorobenzoyi chlohde and an alkali metal hydride. 

A process for producing a compound of claim 1 having the formula 



or 




wherein D, A and R* are as defined in claim 1 , comprising: 

(a) reacting a carboxylic acid of the formula DCH2-COOH. wherein D is as defined above, with a 
chlorinating agent; 

(b) deprotorating a chiral oxazolidinone of the formula 
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0-^° 

R19 Rif 

wherein and are independently selected from the group consisting of: hydrogen, C -Cc 
alkyl. phenyl, naphthyl. substituted phenyl, substituted naphthyl, and benzyl; with a strong base and 
treating the resulting anion with the product ot step (a): 
(c) enolizing the product of step (b) with either 

(i) a dialkylboron triflate and a tertiary amine base: 

(ii) TiCU and tetramethylethylenedi amine (TMEDA) or a mixture of TMEDA and triethylamine; 

then condensing with an aldehyde of the formula A-CHO, wherein A is as defined above; 
id) hydrolyzing the product of step (c) with a base and hydrogen peroxide; 

(e) condensing the product of step (d) with an amine of the formula R^NHz. wherein R* is as defined 
above, by treating with a dehydrative coupling agent, optionally adding an activating agent; and 
(t) cyclizing the product of step (e) by treating with: 

(i) a dialkylazodicarboxylate and a trialkyfphosphine; or 

(ii) a di- or tri-chlorobenzoyi chtortde. an aqueous base and a phase transfer catalyst then treating 
the resulting di-or tri-chlorobenzoate with an aqueous base and a phase transfer catalyst; or 

(iii) a dialkylchiorophosphate, an aqueous base and a phase transfer catalyst; or 

(iv) a di- or tri-chlorobonzoyi chlorido and an alkali metal hydrido. 

A process for producing a compound of claim 1. wherein R is hydrogen, and 0 and A have trans 
relative stereochemistry, comprising; 
(a) enolizing a compound of the formula 



O 

with TiCU and tetramethylethylenediamine (TMEDA). then condensing with an imine of the 
formula A-CH = N-R^ , wherein A and R' are as defined above, and wherein Uie group 



Dl9 



represents an chirat auxiliary (rf the formula 
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.0 ..o 



NIH R'^^^^NH R^®""\^NH R'^""X^NH 



or J 

R^^ R^^ 

wherein R'' and R'* are independently selected from the group consisting of hydrogen C-G 
alkyi, phenyl, naphlhyl. substituted phenyl, substituted naphthyl. and benzyl, and 
(b) cyclizing the product ot step (a) by treating with a strong non-nucieophilic base 

A process for preparing compounds of claim i comprising; 

(a) treating an ester of the formula [>CH(R)-C<0)OR'' . wherein is lower alkyl. menthyl. or 10- 
(siisopropylsulfonamido)-isobornyl, with a strong base, and then with an imine of the (ormula A- 
CH = N-R*, wherein A and R* are as defined in claim 1 ; or 

(b) for preparing a compound of claim 1 wherein R is not hydrogen, reacting a compound of claim i. 
wherein R is hydrogen, with a strong base and an alkylating agent or an acylating agent, or 

(c) tor preparing a compound of claim i, wherein R is hydrogen, and D and A have cis relative 
stereochemistry, reacting a compound of claim 1, wherein R is hydrogen, and D and A have trans 
relative stereochemistry, with a strong base at -80* to -40* C. and then with a proton source or 

(d) for preparing a compound of claim 1. wherein R is hydrogen, and D and A have trans relative 
stereochemistry, reacting a compound of claim 1, wherein R is hydrogen, and D and A have cis 
relative stereochemistry, with an alkali metal t-butoxidc. then quenching with acid; or 

(6) reacting a carboxylic acid derivative of the formula D-CH<R>-C(0)-Z, wherein D and R are as 
defined in claim 1 , and Z is CI, 

0 
II 

-O— P-OC5H5 




with an imine of ttie formula A-CH = N-R*. wherein A and R* are as defined in claim 1. in the 
presence of a tertiary amine base 
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